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exclusively commiTT€D to imenn 

The founding theme of Linear Technology Corporation was to create a company capable of leading 
and directing linear circuit technology and design concepts of the future, and thus become the 
market’s linear specialist. The company believes that the total 1C business has become so diverse 
and so complex that a single company will have great difficulty assembling the engineering talent 
necessary to lead in all areas of device technology. 

Today, the customer base benefits by accessing the best product available in each functional area 
of the 1C market from those vendors who are at the leading edge of performance and technology as a 
result of their “focused" strategy approach. The customer now has the choice of acquiring the best 
linear, the best microprocessor, the best memory products, etc., by choosing the best vendor in each 
area. In order to achieve the goal of becoming the market’s first choice in the linear area, LTC has 
assembled the leading design, test, product, assembly, quality and process engineering talent in the 
industry, operating in what we feel is the most modern linear integrated circuit facility in production 
today. 

Linear Technology possesses a wide variety of bipolar processes including Super Beta, Bifet, low 
noise, high speed, thin film resistors, sinkers, sub-surface zeners, and more. The company also has 
in production several very modern silicon-gate CMOS processes, LTCMOS™, which are specifically 
tailored to satisfy the special needs of linear 1C functions. 

Linear Technology is committed to servicing the demanding requirements of the Military/Aerospace 
marketplace. Our 883 DESC Drawing and MIL Drawing programs are designed to consistently 
provide off-the-shelf high performance linear integrated circuits tested to the requirements of MIL- 
STD-883 Class B, and fully compliant to Revision C. Our documentation, designs, procedures, and 
facilities have been carefully established to meet the rigid requirements of MIL-STD-38510 level 
devices. The company’s facility is JAN approved for both B level and S level products and numerous 
JAN QPL types are currently being supplied by Linear Technology, along with a wide variety of MIL- 
STD-883C and standard military drawing (SMD) products. In addition, LTC is committed to 
supporting the rigorous demands of ‘S’ level source control drawings to service hi-rel and space 
applications. All military-grade products are 100% tested at temperature extremes. Both 
commercial and military outgoing quality levels are sampled over temperature with full lot 
traceability back to the original wafer from which the device was derived. Presently Linear 
Technology can boast that its products are used by all of the top 25 largest military contractors in 
the US. 

On the commercial side of the business, the company’s proprietary products are currently being 
used by leading manufacturers of automobiles, computers, instruments, cameras, telecommunica- 
tion systems and in many other areas. The company prides itself in doing business with the major 
manufacturers and leaders in each of these market segments. 

This catalog contains products that already enjoy very wide acceptance status in new and existing 
end products. 

In addition to the commitment to provide better technical solutions, we also commit to our 
customers that we will strive to make quality and reliability a reason to buy from Linear Technology. 
Our products address the instrumentation, industrial, data acquisition, peripheral, interface, and 
military markets with solutions to linear systems application problems. 
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LIFE SUPPORT POLICY 

LINEAR’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE 
EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF LINEAR TECHNOLOGY CORPORATION. As used herein: 

a. Life support devices or systems are devices or systems which (1) are intended for surgical implant into the body, or (2) support or sustain life and 
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected to result 
in a significant injury to the user. 

b. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system or to affect its safety or effectiveness. 

Information furnished herein by Linear Technology Corporation is believed to be accurate and reliable. However, no responsibility is assumed for its 
use. Linear Technology Corporation makes no representation that the interconnection of its circuits, as described herein, will not infringe on existing 
patent rights. 


Linear Technology Corporation • 1630 McCarthy Blvd. • Milpitas, CA 95035 • (408)432-1900 © Linear Technology Corporation 1989 Printed in USA 
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Extended Temperature Range— 200°C Products 13-74 

JM38510/10104BCA, LM108AJ Super Gain Op Amp 2-303 

JM3851 0/1 01 04BGA, LM 1 08AH Super Gain Op Amp 2-303 

JM3851 0/1 01 04BGC, LM 1 08AH Super Gain Op Amp 2-303 

JM38510/ 10104BPA, LM108AJ8 Super Gain Op Amp 2-303 

JM3851 0/10106BEA, LH2108AD Super Gain Op Amp 2-279 

JM3851 0/101 07BGA, LM 1 1 8H High Slew Rate Op Amp 2-311 

JM3851 0/101 07BGC, LM 1 1 8H High Slew Rate Op Amp 2-31 1 

JM3851 0/101 07BPA, LM 1 1 8J8 High Slew Rate Op Amp 2-311 

JM3851 0/1 1 401 BGA, LF155H High Performance JFET Input Op Amp 2-271 

JM3851 0/1 1 401 BGC, LF1 55H High Performance JFET Input Op Amp 2-271 

JM3851 0/11401 BPA, LF155J8 High Performance JFET Input Op Amp 2-271 

JM3851 0/1 1 402BGA, LF1 56H High Speed JFET Input Op Amp 2-271 

JM38510/11402BGC,LF156H High Speed JFET Input Op Amp 2-271 

JM38510/1 1402BPA, LF156J8 High Speed JFET Input Op Amp 2-271 

JM38510/11404BGA, LF155AH High Performance JFET InputOp Amp 2-271 

JM38510/1 1404BGC, LF1 55AH High Performance JFET Input Op Amp 2-271 

JM38510/1 1405BGA, LF1 56AH High Speed JFET Input Op Amp 2-271 

JM38510/1 1405BGC, LF1 56AH High Speed JFET Input Op Amp 2-271 

JM38510/1 1405BPA, LF156AJ8 High Speed JFET InputOp Amp 2-271 

JM3851 0/ 1 1 703BXA, LM117H Adjustable Positive Voltage Regulator 4-137 

JM 385 10/1 1 703BXC, LM1 1 7H Adjustable Positive Voltage Regulator 4-137 

JM38510/1 1 704BYA, LM117K Adjustable Positive Voltage Regulator 4-137 

JM38510/1 1 706BYA, LM138K Adjustable Positive Voltage Regulator 4-169 

JM38510/1 1 803BXA, LM137H Adjustable Negative Voltage Regulator 4-157 

JM38510/1 1803BXC, LM137H Adjustable Negative Voltage Regulator 4-157 

JM38510/1 1804BYA, LM137K Adjustable Negative Voltage Regulator 4-157 

JM38510/1 2501 BGA, LF1 98H Sample and Hold Amplifier 9-97 

JM38510/1 2501 BGC, LF1 98H Sample and Hold Amplifier 9-97 

JM38510/1 3501 BGA, OP07AH Precision Op Amp 2-329 

JM38510/13501 BGC, OP07AH Precision Op Amp 2-329 

JM3851 0/1 3501 BPA, 0P07AJ8 Precision Op Amp 2-329 

JM38510/13502BGA, 0P07H Precision Op Amp 2-329 

JM3851 0/1 3502BGC, 0P07H Precision Op Amp 2-329 

JM3851 0/1 3502BPA, 0P07J8 Precision Op Amp 2-329 

JM38510/13503BGA, 0P27AH Low Noise, Precision Op Amp 2-345 

JM3851 0/13503BGC, 0P27AH Low Noise, Precision Op Amp 2-345 

JM38510/13503BPA, 0P27AJ8 Low Noise, Precision Op Amp 2-345 

LF1 55, JFET Input Op Amp, Low Supply Current 2-271 

LF155A, JFET Input Op Amp, Low Supply Current 2-271 

LF1 56, JFET Input Op Amp, Highspeed 2-271 

LF1 56A, JFET Input Op Amp, High Speed 2-271 

LF198, Precision Sample and Hold Amplifier 9-97 
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LF1 98 A, Precision Sample and Hold Amplifier 9-97 

LF355, JFET Input Op Amp, Low Supply Current 2-271 

LF355A, JFET Input Op Amp, Low Supply Current 2-271 

LF356, JFET Input Op Amp, High Speed 2-271 

LF356A, JFET Input Op Amp, Highspeed 2-271 

LF398, Precision Sample and Hold Amplifier 9-97 

LF398A, Precision Sample and Hold Amplifier 9-97 

LF412C, Dual Precision JFET Input Op Amp 2-275 

LF412M, Dual Precision JFET Input Op Amp 2-275 

LF412AC, Dual Precision JFET Input Op Amp 2-275 

LF412AM, Dual Precision JFET Input Op Amp 2-275 

LH0070-0, 10V, 3-Lead Trimmed Reference 3-65 

LH0070-1, 10V, 3-Lead Trimmed Reference 3-65 

LH0070-2, 10V, 3-Lead Trimmed Reference 3-65 

LH21 08, Dual Super Beta Op Amp 2-279 

LH2108A, Dual Super Beta Op Amp 2-279 

LM10, Low Power Op Amp and Reference 2-281 

LM1 OB, Low Power Op Amp and Reference 2-281 

LM10BL, Low Power Op Amp and Reference 2-281 

LM10C, Low PowerOp Ampand Reference 2-281 

LM 1 0CL, Low Power Op Amp and Reference 2-281 

LM101A, Uncompensated General Purpose Op Amp 2-297 

LM 107, Compensated General Purpose Op Amp 2-297 

LM 108, Super Gain Op Amp 2-303 

LM108A, Super Gain Op Amp 2-303 

LM 111, Voltage Comparator 6-85 

LM 11 7, Positive Adjustable Regulator 4-137 

LM117HV, High Voltage Positive Adjustable Regulator 4-145 

LM 11 8, High Slew Rate Op Amp 2-311 

LM1 19, Dual Comparator 6-93 

LM1 23, 5 Volt, 3 Amp Regulator 4-149 

LM1 29A, 6.9 Volt Precision Voltage Reference 3-83 

LM129B, 6.9 Volt Precision Voltage Reference 3-83 

LM129C, 6.9 Volt Precision Voltage Reference 3-83 

LM134, Constant Current Source and Temperature Sensor 3-87 

LM 136, 2. 5 Volt Voltage Reference 3-101 

LM136A, 2. 5 Volt Voltage Reference 3-101 

LM137, Negative Adjustable Regulator 4-157 

LM 1 37H V, High Voltage Negative Adjustable Regulator 4-165 

LM138, 5 Amp Positive Adjustable Regulator 4-169 

LM150,3Amp Positive Adjustable Regulator 4-177 

LM 185, Micropower Voltage Reference 3-105 

LM 199, Precision Reference 3-115 
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LM199A, Precision Reference 3-115 

LM234, Constant Current Source and Temperature Sensor 3-87 

LM301 A, Uncompensated General Purpose Op Amp 2-297 

LM307, Compensated General Purpose Op Amp 2-297 

LM308, Super Gain Op Amp 2-303 

LM308A, Super Gain Op Amp 2-303 

LM311A, Voltage Comparator 6-85 

LM31 7, Positive Adjustable Regulator 4-137 

LM317HV, High Voltage Positive Adjustable Regulator 4-145 

LM31 8, High Slew Rate Op Amp 2-311 

LM318A, High Slew Rate Op Amp 2-311 

LM319, Dual Comparator 6-93 

LM323, 5 Volt, 3 Amp Regulator 4-149 

LM329A, 6.9 Volt Precision Voltage Reference 3-83 

LM329B, 6.9 Volt Precision Voltage Reference 3-83 

LM329C, 6.9 Volt Precision Voltage Reference 3-83 

LM329D, 6.9 Volt Precision Voltage Reference 3-83 

LM334, Constant Current Source and Temperature Sensor 3-87 

LM336, 2. 5 Volt Voltage Reference 3-101 

LM336B, 2. 5 Volt Voltage Reference 3-101 

LM337, Negative Adjustable Regulator 4-157 

LM337HV, High Voltage Negative Adjustable Regulator 4-165 

LM338, 5 Amp Positive Adjustable Regulator 4-169 

LM350, 3 Amp Positive Adjustable Regulator 4-177 

LM385, Micropower Voltage Reference 3-105 

LM385B, Micropower Voltage Reference 3-105 

LM399, Precision Reference 3-115 

LM399A, Precision Reference 3-115 

LT1 11 A, High Performance Voltage Comparator 6-85 

LT1 17A, Positive Adjustable Regulator 4-137 

LT117AHV, High Voltage Positive Adjustable Regulator 4-145 

LT118A, High Slew Rate Op Amp 2-311 

LT119A, High Speed Dual Comparator 6-93 

LT123A, 5 Volt, 3 Amp Regulator 4-149 

LT 1 37A, Negative Adjustable Regulator 4-157 

LT137AHV, High Voltage Negative Adjustable Regulator 4-165 

LT138A, 5 Amp Positive Adjustable Regulator 4-169 

LT 1 50A, 3 Amp Positive Adjustable Regulator 4-177 

LT31 1A, High Performance Voltage Comparator 6-85 

LT317A, Positive Adjustable Regulator 4-137 

LT317AHV, High Voltage Positive Adjustable Regulator 4-145 

LT318A, High Slew Rate Op Amp 2-31 1 

LT31 9A, High Speed Dual Comparator 6-93 
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LT323A, 5 Volt, 3 Amp Regulator 4-149 

LT337A, Negative Adjustable Regulator 4-157 

LT337AHV, High Voltage Negative Adjustable Regulator 4-165 

LT338A, 5 Amp Positive Adjustable Regulator 4-169 

LT350A, 3 Amp Positive Adjustable Regulator 4-177 

LT580J , Precision 2.5V 3Terminal Reference 3-121 

LT580K, Precision 2.5V 3 Terminal Reference 3-121 

LT580L, Precision 2.5V 3 Terminal Reference 3-121 

LT580M, Precision 2.5V 3Terminal Reference 3-121 

LT580S, Precision 2.5V 3Terminal Reference 3-121 

LT580T, Precision 2.5V 3 Terminal Reference 3-121 

LT580U, Precision 2.5V 3 Terminal Reference 3-121 

LT581J, Precision 10V 3 Terminal Reference 3-121 

LT581K, Precision 10V 3 Terminal Reference 3-121 

LT581S, Precision 10V 3Terminal Reference 3-121 

LT581T, Precision 10V 3Terminal Reference 3-121 

LT581U, Precision 10V 3 Terminal Reference 3-121 

LT685G, High Speed Comparator 6-5 

LT685M, High Speed Comparator 6-5 

LT1 001 AC, Precision Op Amp 2-11 

LT1001AM, Precision Op Amp 2-11 

LT1 001 C, Precision Op Amp 2-11 

LT1 001 M, Precision Op Amp 2-11 

LT1002AC, Dual, Matched Precision Op Amp 2-25 

LT 1 002AM , Dual , Matched Precision Op Amp 2-25 

LT1002C, Dual, Matched Precision Op Amp 2-25 

LT1002M, Dual, Matched Precision Op Amp 2-25 

LT1003C, 5 Volt, 5 Amp Voltage Regulator 4-9 

LT 1 003M , 5 Volt, 5 Amp Voltage Regulator 4-9 

LT1004C, Micropower Voltage Reference 3-17 

LT1004M, Micropower Voltage Reference 3-17 

LT1005C, Logic Controlled Regulator 4-17 

LT1005M, Logic Controlled Regulator 4-17 

LT1006AC, Precision, Single Supply Op Amp 2-41 

LT1 006AM, Precision, Single Supply Op Amp 2-41 

LT1006C, Precision, Single Supply Op Amp 2-41 

LT1006M, Precision, Single Supply Op Amp 2-41 

LT1007AC, Low Noise, High Speed Precision Op Amp 2-57 

LT1 007AM, Low Noise, High Speed Precision Op Amp 2-57 

LT1007C, Low Noise, High Speed Precision Op Amp 2-57 

LT1007M, Low Noise, High Speed Precision Op Amp 2-57 

LT1008C, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 2-73 

LT1008M, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 2-73 
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LT1009C, 2.5 Volt Reference 3-27 

LT1009M, 2. 5 Volt Reference 3-27 

LT1010C, Fast ± 1 50mA Power Buffer 2-85 

LT1 01 OM, Fast ± 150mA Power Buffer 2-85 

LT1 01 1 AC, Voltage Comparator 6-9 

LT101 1AM, Voltage Comparator 6-9 

LT1 01 1 C , Voltage Comparator 6-9 

LT1011M, Voltage Comparator 6-9 

LT1012AC, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 2-105 

LT1012AM, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 2-105 

LT1012C, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 2-105 

LT1012M, Picoamp Input Current, Microvolt Offset Low Noise Op Amp 2-105 

LT 1 01 3AC , Dual Precision Op Amp 2-121 

LT1 01 3AM, Dual Precision Op Amp 2-121 

LT1013C, Dual Precision Op Amp 2-121 

LT 1 01 3D, Dual Precision Op Amp 2-121 

LT1 01 3M, Dual Precision Op Amp 2-121 

LT1014AC, Quad Precision Op Amp 2-121 

LT 1 01 4AM , Quad Precision Op Amp 2-121 

LT1014C, Quad Precision Op Amp 2-121 

LT1014D, Quad Precision Op Amp 2-121 

LT1 01 4M , Quad Precision Op Amp 2-121 

LT1015C, High Speed Dual Line Receiver 13-6 

LT1015M, High Speed Dual Line Receiver 13-6 

LT1016C, Ultra Fast Precision Comparator 6-25 

LT1 01 6M , Ultra Fast Precision Comparator 6-25 

LT1017C, Micropower Dual Comparator 6-45 

LT1 01 7M , Micropower Dual Comparator 6-45 

LT1018C, Micropower Dual Comparator 6-45 

LT1018M, Micropower Dual Comparator 6-45 

LT1019AC, Precision Reference 3-33 

LT 1 01 9AM , Precision Reference 3-33 

LT1019C, Precision Reference 3-33 

LT1 01 9M, Precision Reference 3-33 

LT1020C, Micropower Regulator and Comparator 4-29 

LT1020M, Micropower Regulator and Comparator 4-29 

LT 1 021 BC, Precision Reference 3-41 

LT1 021 BM , Precision Reference 3-41 

LT1021CC, Precision Reference 3-41 

LT1021CM, Precision Reference 3-41 

LT1021DC, Precision Reference 3-41 

LT 1 021 DM , Precision Reference 3-41 

LT1022AC, Highspeed, Precision JFET Input Op Amp 2-145 
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LT1022AM, Highspeed, Precision JFET Input Op Amp 2-145 

LT1022C, Highspeed, Precision JFET Input Op Amp 2-145 

LT1022M, Highspeed, Precision JFET Input Op Amp 2-145 

LT1024AC, Dual, Matched Picoampere, Microvolt Input, LowNoiseOp Amp 2-153 

LT 1024AM, Dual, Matched Picoampere, Microvolt Input, LowNoiseOp Amp 2-153 

LT1024C, Dual, Matched Picoampere, Microvolt Input, LowNoiseOp Amp 2-153 

LT1024M, Dual, Matched Picoampere, Microvolt Input, LowNoiseOp Amp 2-153 

LT1025AC, Micropower Thermocouple Cold Junction Compensator 11-7 

LT1025AM, Micropower Thermocouple Cold Junction Compensator 11-7 

LT1025C, Micropower Thermocouple Cold Junction Compensator 11-7 

LT1025M, Micropower Thermocouple Cold Junction Compensator 11-7 

LT1026C, Voltage Converter 5-3 

LT 1 026M , Voltage Converter 5-3 

LT1027BC, Precision 5 Volt Reference 13-8 

LT 1 027BM , Precision 5 Volt Reference 13-8 

LT 1 027CC , Precision 5 Volt Reference 13-8 

LT1027CM, Precision 5 Volt Reference 13-8 

LT1028AC, Ultra-Low Noise Precision High Speed Op Amp 2-161 

LT1 028AM, Ultra-Low Noise Precision High Speed Op Amp 2-161 

LT1028C, Ultra-Low Noise Precision High Speed Op Amp 2-161 

LT1028M, Ultra-Low Noise Precision High Speed Op Amp 2-161 

LT1029AC, 5 Volt Bandgap Reference 3-61 

LT1 029AM, 5 Volt Bandgap Reference 3-61 

LT1029C, 5 Volt Bandgap Reference 3-61 

LT 1 029M , 5 Volt Bandgap Reference 3-61 

LT1030C, Quad Low Power Line Driver 10-5 

LT 1 030M , Quad Low Power Line Driver 10-5 

LT1031BC, Precision 10 Volt Reference 3-65 

LT1 031 BM , Precision 1 0 Volt Reference 3-65 

LT1031CC, Precision 10 Volt Reference 3-65 

LT1031CM, Precision 10 Volt Reference 3-65 

LT 1 031 DC, Precision 10 Volt Reference 3-65 

LT 1 031 DM , Precision 10 Volt Reference 3-65 

LT 1 032C, Quad Low Power Line Driver 10-11 

LT1032M, Quad Low Power Line Driver 10-11 

LT1033C, 3 Amp Negative Adjustable Regulator 4-49 

LT1033M, 3 Amp Negative Adjustable Regulator 4-49 

LT1034BC, Micropower Dual Reference 3-77 

LT1034BM, Micropower Dual Reference 3-77 

LT1034C, Micropower Dual Reference 3-77 

LT1034M, Micropower Dual Reference 3-77 

LT1035C, Logic Controlled Regulator 4-57 

LT 1 035M , Logic Controlled Regulator 4-57 
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LT1036C, Logic Controlled Regulator 4-69 

LT 1 036M , Logic Controlled Regulator 4-69 

LT 1 037AC, Low Noise, High Speed Precision Op Amp 2-57 

LT1 037AM, Low Noise, High Speed Precision Op Amp 2-57 

LT1037C, Low Noise, Highspeed Precision Op Amp 2-57 

LT1037M, LowNoise, Highspeed Precision Op Amp 2-57 

LT1038C, 10 Amp Positive Adjustable Voltage Regulator 4-77 

LT 1 038M , 1 0 Amp Positive Adjustable Voltage Regulator 4-77 

LT1039C, RS232 Driver/ Receiver with Shutdown 10-19 

LT1039M, RS232 Driver/ Receiver with Shutdown 10-19 

LT1054C, Switched Capacitor Voltage Converter with Regulator 5-23 

LT 1 054M , Switched Capacitor Voltage Converter with Regulator 5-23 

LT1055AC, Precision, Highspeed JFET Input Op Amp 2-219 

LT1055AM, Precision, Highspeed JFET Input Op Amp 2-219 

LT1055C, Precision, High Speed JFET Input Op Amp 2-219 

LT1055M, Precision, Highspeed JFET Input Op Amp 2-219 

LT1056AC, Precision, Highspeed JFET Input Op Amp 2-219 

LT 1 056AM , Precision, Highspeed JFET Input Op Amp 2-219 

LT1056C, Precision, Highspeed JFET Input Op Amp 2-219 

LT1056M , Precision, High Speed JFET Input Op Amp 2-219 

LT1057AC, Dual JFET Input Precision, High Speed Op Amp 2-235 

LT1057AM, Dual JFET Input Precision, High Speed Op Amp 2-235 

LT1057C, Dual JFET Input Precision, High Speed Op Amp 2-235 

LT1057M, Dual JFET Input Precision, High Speed Op Amp 2-235 

LT1058AC, Quad JFET Input Precision, High Speed Op Amp 2-235 

LT1 058AM, Quad JFET Input Precision, High Speed Op Amp 2-235 

LT1058C, Quad JFET Input Precision, High Speed Op Amp 2-235 

LT1058M, Quad JFET Input Precision, High Speed Op Amp 2-235 

LT1070C, 5A High Efficiency Switching Regulator 5-37 

LT1070HVC, 5A High Efficiency Switching Regulator 5-37 

LT1070HVM, 5A High Efficiency Switching Regulator 5-37 

LT1070M, 5A High Efficiency Switching Regulator 5-37 

LT 1 071 C, 2.5AHigh Efficiency Switching Regulator 5-37 

LT1071HVC, 2.5A High Efficiency Switching Regulator 5-37 

LT1071HVM, 2.5A High Efficiency Switching Regulator 5-37 

LT1 071 M , 2.5A High Efficiency Switching Regulator 5-37 

LT1072C, 1.25A High Efficiency Switching Regulator 5-49 

LT1072HVC, 1.25A High Efficiency Switching Regulator 5-49 

LT1072HVM, 1.25A High Efficiency Switching Regulator 5-49 

LT1072M, 1 .25A High Efficiency Switching Regulator 5-49 

LT1074C, Switching Regulator 13-21 

LT1074HVC, Switching Regulator 13-21 

LT1074HVM, Switching Regulator 13-21 
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LT 1 074M , Switching Regulator 13-21 

LT1077, Micropower, Single Supply, Precision Op Amp 13-27 

LT1078AC, Micropower, Dual, Single Supply, Precision Op Amp 2-251 

LT1078AM, Micropower, Dual, Single Supply, Precision Op Amp 2-251 

LT1078C, Micropower, Dual, Single Supply, Precision Op Amp 2-251 

LT1078M, Micropower, Dual, Single Supply, Precision Op Amp 2-251 

LT1079AC, Micropower, Quad, Single Supply, Precision Op Amp 2-251 

LT1079AM, Micropower, Quad, Single Supply, Precision Op Amp 2-251 

LT1079C, Micropower, Quad, Single Supply, Precision Op Amp 2-251 

LT1079M, Micropower, Quad, Single Supply, Precision Op Amp 2-251 

LT1080C, Advanced Low Power 5 V RS232 Dual Driver/Receiver 10-43 

LT 1 080M , Advanced Low Power 5 V RS232 Dual Driver/Receiver 1 0-43 

LT 1 081 C, Advanced Low Power 5V RS232 Dual Driver/Receiver 10-43 

LT 1 081 M , Advanced Low Power 5 V RS232 Dual Driver/Receiver 1 0-43 

LT1083C, 7.5A Low Dropout Positive Adjustable Regulator 4-89 

LT1083M, 7.5A Low Dropout Positive Adjustable Regulator 4-89 

LT1 083-5, 7. 5A Low Dropout Positive Fixed 5V Regulator 4-101 

LT 1 083- 1 2 , 7.5A Low Dropout Positive Fixed 12V Regulator 4-101 

LT 1 084C, 5A Low Dropout Positive Adjustable Regulator 4-89 

LT 1 084M , 5A Low Dropout Positive Adjustable Regulator 4-89 

LT1 084-5, 5A Low Dropout Positive Fixed 5V Regulator 4-101 

LT 1 084-12, 5A Low Dropout Positive Fixed 1 2 V Regulator 4-101 

LT 1 085C, 3A Low Dropout Positive Adjustable Regulator 4-89 

LT 1 085M , 3A Low Dropout Positive Adjustable Regulator 4-89 

LT1 085-5, 3A Low Dropout Positive Fixed 5V Regulator 4-101 

LT1085-12, 3A Low Dropout Positive Fixed 1 2V Regulator 4-101 

LT1086C, 1 .5A Low Dropout Positive Adjustable Regulator 4-113 

LT1086M, 1.5A Low Dropout Positive Adjustable Regulator 4-113 

LT1 086-5, 1.5A Low Dropout Positive Fixed 5V Regulator 4-113 

LT1086-12, 1.5A Low Dropout Positive Fixed 12V Regulator 4-113 

LT1087C, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs 13-28 

LT1087M, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs 13-28 

LT 1 088C, Wideband RMS-DC Converter Building Block 11-33 

LT1089C, High Side Switch 11-45 

LT1089M, High Side Switch 11-45 

LT1 101 AC, Precision Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) 13-36 

LT1 1 01 AM , Precision Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 1 0 or 1 00) 1 3-36 

LT1 1 01 C , Precision Micropower, Single Supply I nstrumentation Amplifier (Fixed Gain = 1 0 or 1 00) 1 3-36 

LT1 1 01 M , Precision Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 1 0 or 1 00) 1 3-36 

LT 1102, High Speed Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 1 0 or 1 00) 1 3-48 

LT1120C, Micropower Regulatorwith Comparator and Shutdown 4-125 

LT1130C, 5-Driver/5-ReceiverRS232 Transceiver 10-55 

LT 1 1 30M , 5-Driver/5-Receiver RS232 T ransceiver 10-55 
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LT1131C,5-Driver/4-ReceiverRS232TransceiverwithShutdown 10-55 

LT1131M, 5-Driver/4-Receiver RS232 T ransceiver with Shutdown 10-55 

LT1132C, 5-Driver/3-Receiver RS232 Transceiver 10-55 

LT1132M,5-Driver/3-ReceiverRS232Transceiver 10-55 

LT1133C, 3-Driver/5-Receiver RS232 Transceiver 10-55 

LT1133M,3-Driver/5-ReceiverRS232Transceiver 10-55 

LT 1 1 34C, 4-Driver/4-Receiver RS232 T ransceiver 1 0-55 

LT 1 1 34M , 4-Driver/4-Receiver RS232 T ransceiver 1 0-55 

LT1135C, 5-Driver/3-ReceiverRS232 Transceiver without Charge Pump 10-55 

LT1135M, 5-Driver/3-ReceiverRS232TransceiverwithoutChargePump 10-55 

LT1136C,4-Driver/5-ReceiverRS232TransceiverwithShutdown 10-55 

LT1136M,4-Driver/5-ReceiverRS232TransceiverwithShutdown 10-55 

LT1137C,3-Driver/5-ReceiverRS232TransceiverwithShutdown 10-55 

LT1137M, 3-Driver/5-ReceiverRS232Transceiverwith Shutdown 10-55 

LT 1 1 38C, 5-Driver/3-Receiver RS232 T ransceiver with Shutdown 1 0-55 

LT1138M,5-Driver/3-ReceiverRS232TransceiverwithShutdown 10-55 

LT 1 1 39C, 4-Driver/4-Receiver RS232 T ransceiver with Shutdown 1 0-55 

LT 1 1 39M , 4-Driver/4-Receiver RS232 T ransceiver with Shutdown 1 0-55 

LT1 140C, 5-Driver/3-Receiver RS232 Transceiver without Charge Pump 10-55 

LT 1 140M , 5-Driver/3-Receiver RS232 T ransceiver without Charge Pump 1 0-55 

LT1 141 C, 3-Driver/5-Receiver RS232 T ransceiver without Charge Pump 10-55 

LT1 1 41 M , 3-Driver/5-Receiver RS232 T ransceiver without Charge Pump 1 0-55 

LT1170C.5A High Efficiency 100kHz Switching Regulator 5-61 

LT1170HVC.5A High Efficiency 100kHz Switching Regulator 5-61 

LT1 1 70HVM , 5A High Efficiency 1 00kHz Switching Regulator 5-61 

LT1170M.5A High Efficiency 100kHz Switching Regulator 5-61 

LT1 171C, 2.5A High Efficiency 100kHz Switching Regulator 5-61 

LT1171HVC, 2.5A High Efficiency 100kHz Switching Regulator 5-61 

LT11 71 HVM,2.5A High Efficiency 100kHz Switching Regulator 5-61 

LT1 171 M, 2.5AHigh Efficiency 100kHz Switching Regulator 5-61 

LT1 172C, 1 .25A High Efficiency 100kHz Switching Regulator 5-73 

LT1172HVC, 1.25A High Efficiency 100kHz Switching Regulator 5-73 

LT1172HVM, 1 .25A High Efficiency 100kHz Switching Regulator 5-73 

LT1172M, 1 .25A High Efficiency 100kHz Switching Regulator 5-73 

LT1178AC, 17/tAMax, Dual Single Supply, Precision Op Amp 2-267 

LT1 178AM, 17/i A Max, Dual Single Supply, Precision Op Amp 2-267 

LT1178C, 17/tA Max, Dual Single Supply, Precision Op Amp 2-267 

LT1178M, 17/tAMax, Dual Single Supply, Precision Op Amp 2-267 

LT1179AC, 17/tA Max, Quad Single Supply, Precision Op Amp 2-267 

LT1179AM, 17/tA Max, Quad Single Supply, Precision Op Amp 2-267 

LT1179C, 17/tAMax, Quad Single Supply, Precision Op Amp 2-267 

LT1179M, 17/tA Max, Quad Single Supply, Precision Op Amp 2-267 

LT 1 1 80C , Advanced Low Power 5V RS232 Dual Driver/Receiver with Small Capacitors 1 0-67 
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LT 1 1 80M , Advanced Low Power 5 V RS232 Dual Driver/Receiver with Small Capacitors 1 0-67 

LT1 181C, Advanced Low Power 5V RS232 Dual Driver/ Receiver with Small Capacitors 10-67 

LT1 1 81 M , Advanced Low Power 5 V RS232 Dual Driver/Receiver with Small Capacitors 1 0-67 

LT1 1 88C , 1 . 5A High Side Switch 1 3-55 

LT1188M, 1.5A High Side Switch 13-55 

LT1280C, Advanced Low Power 5 V RS232 Dual Driver/Receiver 10-75 

LT 1 280M , Advanced Low Power 5 V RS232 Dual Driver/Receiver 10-75 

LT1281C, Advanced Low Power 5V RS232 Dual Driver/Receiver 10-75 

LT 1 281 M , Advanced Low Power 5 V RS232 Dual Driver/ Receiver 10-75 

LT1431C, Programmable Reference 13-72 

LT1431M, Programmable Reference 13-72 

LT 1 524, Regulating Pulse Width Modulator 5-85 

LT 1 525A, Regulating Pulse Width Modulator 5-97 

LT1526, Regulating Pulse Width Modulator 5-105 

LT 1 527A, Regulating Pulse Width Modulator 5-97 

LT1 846, Current Mode PWM Controller 5-113 

LT1847, Current Mode PWM Controller 5-113 

LT3524, Regulating Pulse Width Modulator 5-85 

LT3525A, Regulating Pulse Width Modulator 5-97 

LT3526, Regulating Pulse Width Modulator 5-105 

LT3527A, Regulating Pulse Width Modulator 5-97 

LT3846, Current Mode PWM Controller 5-113 

LT3847, Current Mode PWM Controller 5-113 

LTC201AC, Quad CMOS SPST Low Charge Injection Analog Switch 13-3 

LTC201 AM, Quad CMOS SPST Low Charge Injection Analog Switch 13-3 

LTC201C, Quad CMOS SPST Low Charge Injection Analog Switch 13-3 

LTC201 M , Quad CMOS SPST Low Charge Injection Analog Switch 13-3 

LTC1040C, Dual Micropower Comparator 6-57 

LTC1040M, Dual Micropower Comparator 6-57 

LTC1041C, BANG-BANG Controller 6-69 

LTC1041M, BANG-BANG Controller 6-69 

LTC1042C, Window Comparator 6-77 

LTC1042M, Window Comparator 6-77 

LTC1043C, Dual Precision Instrumentation Switched-Capacitor Building Block 11-15 

LTC1043M, Dual Precision Instrumentation Switched-Capacitor Building Block 11-15 

LTC1044C, Switched Capacitor Voltage Converter 5-9 

LTC1044M, Switched Capacitor Voltage Converter 5-9 

LTC1045C, Programmable Micropower Hex Translator/Receiver/Driver 10-27 

LTC1045M, Programmable Micropower Hex Translator/Receiver/Driver 10-27 

LTC1049C, Low Power Chopper Stabilized Op Amp with Internal Capacitors 13-10 

LTC1049M, Low Power Chopper Stabilized Op Amp with Internal Capacitors 13-10 

LTC1050AC, Precision Chopper Stabilized Op Amp with Internal Capacitors 2-181 

LTC 1050AM, Precision Chopper Stabilized Op Amp with Internal Capacitors 2-181 
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LTC1050C, Precision Chopper Stabilized Op Amp with Internal Capacitors 2-181 

LTC1050M, Precision Chopper Stabilized Op Amp with Internal Capacitors 2-181 

LTC1051C, Dual Precision Chopper Stabilized Op Amp with Internal Capacitors 13-13 

LTC1051 M, Dual Precision Chopper Stabilized Op Amp with Capacitors 13-13 

LTC1052C, Chopper Stabilized Op Amp 2-197 

LTC1052M, Chopper Stabilized Op Amp 2-197 

LTC1059AC, High Performance Switched Capacitor Universal Filter 7-3 

LTC 1059AM, High Performance Switched Capacitor Universal Filter 7-3 

LTC1059C, High Performance Switched Capacitor Universal Filter 7-3 

LTC1059M, High Performance Switched Capacitor Universal Filter 7-3 

LTC1060AC, Universal Dual Filter Building Block 7-15 

LTC1 060AM, Universal Dual Filter Building Block 7-15 

LTC1060C, Universal Dual Filter Building Block 7-15 

LTC1060M, Universal Dual Filter Building Block 7-15 

LTC1061 AC, High Performance Triple Universal Filter Building Block 7-39 

LTC1061AM, High Performance Triple Universal Filter Building Block 7-39 

LTC1061C, High Performance Triple Universal Filter Building Block 7-39 

LTC1061M, High Performance Triple Universal Filter Building Block 7-39 

LTC1062C, Fifth Order Low Pass Filter 7-59 

LTC1062M, Fifth Order Low Pass Filter 7-59 

LTC1064C, Low Noise, Fast, Quad Universal Filter Building Block 7-73 

LTC1064M, Low Noise, Fast, Quad Universal Filter Building Block 7-73 

LTC1064-1C, Low Noise, 8th Order, Clock Sweepable Elliptic Lowpass Filter 7-89 

LTC1064-1M, Low Noise 8th Order, Clock Sweepable Elliptic Lowpass Filter 7-89 

LTC1064-2C, Low Noise, High Frequency 8th Order Butterworth Lowpass Filter 13-15 

LTC1064-2M, Low Noise, High Frequency 8th Order Butterworth Lowpass Filter 13-15 

LTC 1064-3, Low Noise, High Frequency 8th Order Linear Phase Lowpass Filter 13-19 

LTC1 064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter 13-20 

LTC 1090 AC, Single Chip 10-Bit Data Acquisition System 9-5 

LTC1 090AM, Single Chip 10-Bit Data Acquisition System 9-5 

LTC1090C, Single Chip 10-Bit Data Acquisition System 9-5 

LTC1 090M , Single Chip 1 0-Bit Data Acquisition System 9-5 

LTC1091 AC, 1-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1091AM, 1-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1091C, 1-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1091M, 1-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1092AC, 2-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC 1092AM, 2-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1092C, 2-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1092M, 2-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1093AC, 6-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1 093AM, 6-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1093C, 6-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 
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LTC1093M, 6-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1094AC, 8-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC 1094AM, 8-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1094C, 8-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1094M, 8-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1095BC, Complete 10-Bit Data Acquisition System with On Board Reference 9-57 

LTC1095BM, Complete 10-Bit Data Acquisition System with On Board Reference 9-57 

LTC1095CC, Complete 10-Bit Data Acquisition System with On Board Reference 9-57 

LTC 1 095CM , Complete 1 0-Bit Data Acquisition System with On Board Reference 9-57 

LTC1099AC, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold 9-81 

LTC 1099AM, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold 9-81 

LTC1099C, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold 9-81 

LTC1 099M , High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold 9-81 

LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain = 100) 13-35 

LTC1150C, ± 15V Chopper Stabilized Op Amp with Internal Capacitors 13-49 

LTC1150M, ± 15V Chopper Stabilized Op Amp with Internal Capacitors 13-49 

LTC1290BC, Single Chip 12-Bit Data Acquisition System 13-62 

LTC1290BM, Single Chip 12-Bit Data Acquisition System 13-62 

LTC1 290CC, Single Chip 1 2-Bit Data Acquisition System 1 3-62 

LTC1290CM, Single Chip 12-Bit Data Acquisition System 13-62 

LTC1291, 1-Channel, 12-Bit Serial I/O Data Acquisition System 13-70 

LTC1292, 2-Channel, 1 2-Bit Serial I/O Data Acquisition System 13-70 

LTC1293, 6-Channel, 1 2-Bit Serial I/O Data Acquisition System 13-70 

LTC1 294, 8-Channel, 12-Bit Serial I/O Data Acquisition System 13-70 

LTC7652C, Chopper Stabilized Op Amp 2-197 

LTKAOOC, Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTKAOOM , Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTKA01C, Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTKA01 M , Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTK001AC, Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTK001 AM , Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTK001C, Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTK001 M , Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

LTZ1000AC, Ultra Precision Reference 3-9 

LTZ1000C, Ultra Precision Reference 3-9 

0P05, Internally Compensated Op Amp 2-321 

0P05A, Internally Compensated Op Amp 2-321 

0P05C, Internally Compensated Op Amp 2-321 

OP05E, Internally Compensated Op Amp 2-321 

OP07, Precision Op Amp 2-329 

0P07A, Precision Op Amp 2-329 

OP07C, Precision Op Amp 2-329 

OP07D, Precision Op Amp 2-329 
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OP07E, Precision Op Amp 2-329 

0P15A, Precision, Highspeed JFET Input Op Amp 2-341 

0P15B, Precision, High Speed JFET input Op Amp 2-341 

OP1 5C, Precision, High Speed JFET Input Op Amp 2-341 

OP15E, Precision, High Speed JFET Input Op Amp 2-341 

OP15F, Precision, High Speed JFET Input Op Amp 2-341 

OP15G, Precision, High Speed JFET InputOp Amp 2-341 

OP16A, Precision, High Speed JFET InputOp Amp 2-341 

0P16B, Precision, High Speed JFET InputOp Amp 2-341 

0P16C, Precision, Highspeed JFET Input Op Amp 2-341 

0P16E, Precision, High Speed JFET InputOp Amp 2-341 

OP16F, Precision, Highspeed JFET InputOpAmp 2-341 

0P16G, Precision, Highspeed JFET Input Op Amp 2-341 

OP27A, Low Noise, Precision Op Amp 2-345 

OP27C, Low Noise, Precision Op Amp 2-345 

OP27E, Low Noise , Precision Op Amp 2-345 

OP27G, Low Noise, Precision Op Amp 2-345 

OP37A, Low Noise, High Speed Op Amp 2-345 

OP37C, Low Noise, High Speed Op Amp 2-345 

OP37E, Low Noise, High Speed Op Amp 2-345 

0P37G, Low Noise, High Speed Op Amp 2-345 

OP215A, Dual Precision JFET Input Op Amp 2-275 

OP215C,DualPrecisionJFETInputOpAmp 2-275 

OP215E, Dual Precision JFET Input Op Amp 2-275 

OP215G, Dual Precision JFET Input Op Amp 2-275 

OP227A, Dual Matched, Low Noise Op Amp 2-357 

OP227C, Dual Matched, Low Noise Op Amp 2-357 

OP227E, Dual Matched, Low Noise Op Amp 2-357 

OP227G, Dual Matched, Low Noise Op Amp 2-357 

OP237A, Dual High Speed, Low Noise Op Amp 2-357 

OP237C, Dual High Speed, Low Noise Op Amp 2-357 

OP237E, Dual High Speed, Low Noise Op Amp 2-357 

OP237G, Dual High Speed, Low Noise Op Amp 2-357 

REF01 , Precision Voltage Reference 3-125 

REF01A, Precision Voltage Reference 3-125 

REFOIC, Precision Voltage Reference 3-125 

REF01E, Precision Voltage Reference 3-125 

REF01H, Precision Voltage Reference 3-125 

REF02, Precision Voltage Reference 3-125 

REF02A, Precision Voltage Reference 3-125 

REF02C, Precision Voltage Reference 3-125 

REF02D, Precision Voltage Reference 3-125 

REF02E, Precision Voltage Reference 3-125 


24 







ALPHANUMERIC INDEX 


REF02H, Precision Voltage Reference 3-125 

SGI 524, Regulating Pulse Width Modulator 5-85 

SGI 525A, Regulating Pulse Width Modulator 5-97 

SG1527A, Regulating Pulse Width Modulator 5-97 

SG3524, Regulating Pulse Width Modulator 5-85 

SG3525A, Regulating Pulse Width Modulator 5-97 

SG3527A, Regulating Pulse Width Modulator 5-97 
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SURFACE MOUNT PRODUCTS 

LF398S8, Precision Sample and Hold Amplifier 9-113 

LM318S8, High Speed Op Amp 2-319 

LM334S8, Constant Current Source and Temperature Sensor 3-99 

LM385S8-1 .2, Micropower Voltage Reference 3-113 

LM385S8-2.5, Micropower Voltage Reference 3-113 

LT1 001 CS8, Precision Op Amp 2-23 

LT1004CS8-1 .2, Micropower Voltage Reference 3-25 

LT1004CS8-2.5, Micropower Voltage Reference 3-25 

LT1006S8, Precision Single Supply Op Amp 2-53 

LT1007CS, Low Noise, Highspeed Precision Op Amp 2-69 

LT1009S8, 2.5 Volt Reference 3-31 

LT1012S8, Picoamp Input Current, Microvolt Offset, LowNoiseOpAmp 2-117 

LT1 01 3DS8, Dual Precision Op Amp 2-141 

LT1016CS8, Ultra Fast Precision Comparator 6-41 

LT1017CS, Micropower Dual Comparator 6-53 

LT1018CS, Micropower Dual Comparator 6-53 

LT1020CS, Micropower Regulator and Comparator 4-45 

LT1021DCS8, Precision Reference 3-57 

LT1028CS, Ultra-Low Noise Precision High Speed Op Amp 2-177 

LT1030CS, Quad Low Power Line Driver 10-9 

LT 1 034CS8- 1.2, Micropower Dual Reference 3-81 

LT1034CS8-2.5, Micropower Dual Reference 3-81 

LT1037CS, Low Noise, Highspeed Precision Op Amp 2-69 

LT1054CS, Switched Capacitor Voltage Converterwith Regulator 5-35 

LT1054IS, Switched Capacitor Voltage Converterwith Regulator 5-35 

LT1055S8, Precision, Highspeed, JFET Input Op Amp 2-231 

LT1056S8, Precision, Highspeed, JFET Input Op Amp 2-231 

LT1057S, Dual JFET Input Precision High Speed Op Amp 2-247 

LT 1 057IS, Dual JFET Input Precision High Speed Op Amp 2-247 

LT1080CS, 5V Powered RS232 Driver/Receiver with Shutdown 10-51 

LT 1 081 CS, 5V Powered RS232 Driver/Receiver with Shutdown 10-51 

LTC1043CS, Dual Precision Instrumentation Switched-Capacitor Building Block 11-31 

LTC1044CS8, Switched Capacitor Voltage Converter 5-21 

LTC1052CS, Chopper-Stabilized Op Amp (CSOA™) 2-217 

LTC1059CS, High Performance Switched Capacitor Universal Filter 7-11 

LTC1060CS, Universal Dual Filter Building Block 7-35 

LTC1061CS, High Performance Triple Universal Filter Building Block 7-55 

LTC1062CS, 5th Order Low Pass Filter 7-71 

OP-07CS8, Precision Op Amp 2-337 

SG3524S, Regulating Pulse Width Modulator 5-93 
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GENERAL ORDERING 
INFORMATION 


I. ORDER ENTRY 

Orders for products contained herein should be directed to: LINEAR TECHNOLOGY CORPORATION, 

1630 McCarthy Boulevard, Milpitas, California 95035. Phone: 408-432-1900. 

II. ORDERING INFORMATION 

Minimum order value is $2000.00 per order; minimum value per line item is $500.00. 

Each item must be ordered using the complete part number exactly as listed on the datasheet. 

F.O.B.: Milpitas, California. 

III. RELIABILITY PROGRAMS 

Linear Technology Corporation currently offers the following Reliability Programs: 

A. JAN QPL devices. 

B. DESC drawings. 

C. MIL-STD-883, Level B, Revision C for all military temperature range devices. 

D. “R-Flow” Burn-In Program for commercial temperature range devices. Consult Factory regarding burn-in program. 

IV. PART NUMBER EXPLANATION 

XXX XXXX X X J/883B 

I Screening to MIL-STD-883, Level B, Revision C 

Package Style (see Cross Reference on Page 12-3) 

Temperature Range 

M for Military 

C for Commercial 

X for 200°C Extended Range* 

Letter indicates electrical grade of part 

— Generic or Product Part Number 

Designator 

LF, LM, OP, REF, and SG are second source devices 
LT are improved or proprietary devices 
LTC indicates proprietary CMOS devices 


V. 


PACKAGE SUFFIX EXPLANATION 


Letter Designator Description 

D 14, 16, 18 and 20 Pin Side Brazed Hermetic DIP 

D8 8 Pin Side Brazed Hermetic DIP 

H Multi Lead Metal Can 

J 14, 16, 18 and 20 Pin Ceramic DIP 

J8 8 Pin Ceramic DIP 

K TO-3 Metal Can (Steel) 

N 14,16, 18 and 20 Pin Molded DIP 

N8 8 Pin Molded DIP 

P TO-3P Molded (3 lead) 

S8 8 Lead Small Outline (SO) package (Note 1) 

S 16, 18, 20 Pin Small Outline (SO) package (Note 1, 2) 

T TO-220 Molded (3 lead, 5 lead) 

V 11 Pin Molded SIP 

W 10 Pin Flatpack (Cerpak) 

Z TO-92 Molded (3 lead) 


Note 1: Pin-out and electrical specifications may differ from standard commercial grade N8 package. 
See SO datasheet for specific information. 

Note 2: These devices are delivered in either 150 MIL (SO) or 300 MIL (SO-L) wide packages depending 
on device die size. See specific SO datasheet for pin counts and package dimensions. 
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ALTERNATE SOURCE 
CROSS REFERENCE GUIDE 


AMD 

AMD P/N 

LTC DIRECT REPL 

AM685 

LT685 

AM686 

LT1016 

LF155 

LF155 

LT1055M* 

LF155A 

LF155A 

LT1 055AM* 

LF156 

LF156 

LT1056M* 

LF156A 

LF156A 

LT1 056AM* 

LF198 

LF198 

LF355A 

LF355A 

LT1055AC* 

LF356A 

LF356A 

LT1056AC* 

LF398 

LF398 

LM108 

LM108 

LT1008M* 

LM108A 

LM108A 

LT1008M* 

LM111 

LM111 

LT111A* 

LT1011M* 

LM118 

LM118 

LT118A* 

LM119 

LM119 

LT119A* 

LM148 

LT1014* 

LM308A 

LM308A 

LT1008C* 

LM311 

LM311 

LT311A* 

LT1011C* 

LM318 

LM318 

LT318A* 

LM319 

LM319 

LT319A* 

ANALOG DEVICES | 

AD P/N 

LTC DIRECT REPL 

AD101A 

LM101A 

AD510J 

OP07E* 

LT1001C* 

AD510K 

LT1001AC* 

AD510L 

LT1001AC* 

AD510S 

OP07A* 

LT1001AM* 

AD517 

OP07** 

LT1001 ** 

AD518 

LM118** 

LT118A** 

AD580 

LT580 

AD581 

LT581 

LT1031 ** 

AD589 

LT1034** 

AD7820 

LTC1099* 

ADOP07 

OP07 

LT1001M* 

ADOP07A 

OP07A 

LT1001AM* 

ADOP07C 

OP07C 

LT1001C* 

ADOP07D 

OP07D 

LT1001C* 

ADOP07E 

OP07E 

LT1001C* 

FAIRCHILD 

FSCP/N 

LTC DIRECT REPL 

SHI 23 

LM123 

LT 1 23 A * 
LT1003M** 

SH323 

LM323 

LT323A* 

LT1003M** 

/xA78H05C 

LT1003C** 

/iAIOl A 

LM101A 

jtiA107A 

LM107 


FSC P/N 

LTC DIRECT REPL 

INTERSIL P/N 

LTC DIRECT REPL 

/U.A108 

LM108 

LM111 

LM111 

LT1008M* 


LT 1 1 1 A * 

/ 4 AIO 8 A 

ftA1 1 1 

LM108A 


LT1011M* 

LT1008M* 

LM111 

LM124 

LT1014M* 

MAXIM 1 

LT111A* 

H All 7 

LT1011M* 

LM117 

MAXIM P/N 

LTC DIRECT REPL 

LT117A* 

AD7820 

LTC1099* 

/4A124 

LT1014M* 

ICL7650 

LTC1052** 

/4A148 

LT1014M* 

ICL7652 

LTC7652 

^A308A 

LM308A 

ICL7660 

LTC1044** 


LT1008C* * 

MAX232 

LT1081* 

HA3U 

LM311 

MAX235 

LT1130** 


LT311A* 

MAX237 

LT1132** 


LT1011C* 

MAX238 

LT1134** 

m A317 

LM317 

MAX239 

LT1133** 

m A318 

LT317A* 

MAX400 

LT1001 

LM318 

MAX430 

LTC 1050 

m A714 

LT318A* 

MAX432 

LTC 1050 

OP07 

MAX680 

LT1026** 

m A714C 

LT1001M* 

MF10 

LTC 1060 

OP07C 

OP07 

OP07 

/xA714E 

LT1001C* 

OP07E 

OP27 

OP27 



//A714L 

LT1001C* 

OP07D 

LT1001C* 

MOTOROLA | 

M0T0 P/N 

LTC DIRECT REPL 

/4A1558M 

LT1013M* 

LF155 

LF155 

HARRIS 

LT1055M 

LF155A 

LF155A 



HARRIS P/N 

LTC DIRECT REPL 

LF156 

LT1 055AM 

LF156 

HA2510 


LT118A** 


LT1056M 


LM118* * 

LF156A 

LF156A 

HA2512 

LT1 1 8 A * * 


LT 1056AM 


LM118A** 

LF355A 

LF355A 

HA2515 

LT318A* * 

LF356A 

LF356A 


LM318* * 

LM101A 

LM101A 

HA5130-2 

OP07A 

LM107 

LM107 


LT1001AM* 

LM108 

LM108 

HA5130-5 

OP07E 


LT1008M* 


LT1001C* 

LM108A 

LM108A 

HA5135-2 

OP07 


LT1008M* 


LT1001M* 

LM111 

LM111 

HA5135-5 

OP07C 


LT111A* 


LT1001C* 


LT1011M* 

HAOP07 

OP07 

LM117 

LM117 


LT1001M* 


LT117A* 

HAOP07A 

OP07A 

LM123 

LM123 


LT1001 AM* 


LT123A* 

HAOP07C 

OP07C 


LT1003M** 


LT1001C* 

LM124 

LT1014M* 

HAOP07E 

OP07E 

LM137 

LM137 


LT1001C* 


LT137A* 

INTERSIL 

LM148 

LT1033M* * 
LT1014M* 

INTERSIL P/N LTC DIRECT REPL 

LM150 

LM150 

LT150A* 

LT1013M* 

ICL232 

LT1081 

LM158 

ICL7650 8 -Pin LTC1 050* 

LM308A 

LM308A 

ICL7652 8 -Pin LTC7652 


LT1008C* 

ICL7660 

LTC 1044* 

LM311 

LM311 

ICL8069C 

LM385-1 .2 


LT311A* 


LT1004C-1.2* 


LT1011C* 

ICL8069M 

LM185-1.2 

LM317 

LM317 


LT1004M-1.2* 


LT317A* 

LF155 

LF155 

LM323 

LM323 

LF155A 

LF155A 


LT323A* 

LF156 

LF156 


LT1003C** 

LF156A 

LF156A 

LM337 

LM337 

LF355A 

LF355A 


LT337A* 

LF356A 

LF356A 


LT1033C** 

LH2108 

LH2108 

LM350 

LM350 

LH2108A 

LH2108A 


LT350A* 

LM101A 

LM101A 

MC1400U2 

LT1019CN8-2.5* 

LM107 

LM107 

MC1400AU2 

LT1019CN8-2.5* * 

LM108 

LM108 

MC1400U5 

LT1019CN8-5* 


LT1008M* 

MC1400AU5 

LT1019CN8-5* * 

LM108A 

LM108A 

MC1400U10 

LT1019CN8-10* 


LT1008M* 

MC1400AU10 LT1019CN8-10** 



MCI 45406 

LT1039-16* 


MOTO P/N 

LTC DIRECT REPL 

MCI 558 

LT1013M* 

MC78T05 

LM323T 

LT323AT* 

OP27A 

OP27A 

LT1 007AM* 

OP27B 

LT1007M* 

OP27C 

OP27C 

LT1007M 

OP27E 

OP27E 

LT1007AC* 

OP27F 

LT1007C* 

OP27G 

OP27G 

LT1007C* 

OP37A 

OP37A 

LT1 037AM* 

OP37B 

LT1037M* 

OP37C 

OP37C 

LT1037M* 

OP37E 

OP37E 

LT1037AC* 

OP37F 

LT1037C* 

OP37G 

OP37G 

LT1037C* 

SG1524 

SG1524 

LT1524* 

SG1525A 

SG1525A 

LT1525A* 

SG1527A 

SG1527A 

LT1527A* 

SG3524 

SG3524 

LT3524* 

SG3525A 

SG3525A 

LT3525A* 

SG3527A 

SG3527A 

LT3527A* 

NATIONAL SEMICONDUCTOR | 

NSC P/N 

LTC DIRECT REPL 

ADC032 

LTC1091 

ADC0820 

LTC 1099* 

LF155 

LF155 

LT1055M* 

LF155A 

LF155A 

LT1 055AM* 

LF156 

LF156 

LT1056M* 

LT1022M* 

LF156A 

LF156A 

LT1 056AM* 
LT1022AM* 

LF198 

LF198 

LF198A 

LF198A 

LF355A 

LF355A 

LT 1055 AC* 

LF356A 

LF356A 

LT1056AC* 

LT1022AC* 

LF398 

LF398 

LF398A 

LF398A 

LF412A 

LF412A 

LH0002 

LT1010M* * 

LH0044 

LT1001M* 

LH0070 

LH0070 

LT1031M* 

LH2108 

LH2108 

LH2108A 

LH2108A 

LM10 

LM10 

LM10B 

LM10B 

LM10C 

LM10C 

LM101A 

LM101A 

LM107 

LM107 

LM108 

LM108 

LT1008M* 

LM108A 

LM108A 

LT1008M* 

LM111 

LM111 

LT 1 1 1 A * 
LT1011M* 

LM112 

LT1012M* 

LM113 

LT1004M-1.2* 

LM117 

LM117 

LT117A* 


* 'Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications 
tConsult factory for guaranteed TC devices. 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 


NSC P/N 

LTC DIRECT REPL 

NSC P/N 

LTC DIRECT REPL 

PMI P/N 

LTC DIRECT REPL 

PMI P/N 

LTC DIRECT REPL 

LM117HV 

LM117HV 

LM338 

LM338 

OP16G 

OP16G 

PM2108A 

LH2108A 


LT117AHV* 


LT338A* 


LT1056C* 

REF01 

REF01 

LM118 

LM118 

LM350 

LM350 

OP27A 

OP27A 


LT1019M-10* 


LT118A* 


LT350A* 


LT1 007AM* 


LT1021-10** 

LM119 

LM119 

LM368-5.0 

LT1019AC-5* 

OP27B 

LT1007M* 

REF01A 

REF01A 


LT119A* 

LM368Y-5.0 

LT1019AC-5* 

OP27C 

OP27C 


LT1021-10** 

LM123 

LM123 

LM368-10.0 

LT1019C-10** 


LT1007M* 

REF01C 

REF01C 


LT123A* 

LM368Y-10.0 

LT1019C-10** 

OP27E 

OP27E 


LT1019C-10* 


LT1003M* 

LM385-1.2 

LM385-1.2 


LT1007AC* 


LT1021-10** 

LM124 

LT1014M* 


LT1004C-1.2* 

OP27F 

LT1007C* 

REF01E 

REF01E 

LM129A 

LM129A 

LM385-2.5 

LM385-2.5 

OP27G 

OP27G 


LT1021-10** 

LM129B 

LM129B 


LT1004C-2.5* 


LT1007C* 

REF01H 

REF01H 

LM129C 

LM129C 

LM385BX-1.2 

LT1034BC-1.2* 

OP37A 

OP37A 


LT1019C-10* 

LM133 

LT1033M* 

LM385BY-1.2 

LT1034C-1.2* 


LT1 037AM* 


LT1021-10** 

LM134 

LM134 

LM385BX-2.5 

LT1034BC-2.5* 

OP37B 

OP37A 

REF02 

REF02 

LM 134-3 

LM 134-3 

LM385BY-2.5 

LT1034C-2.5* 


LT1037M* 


LT1019M-5* 

LM 134-6 

LM 134-6 

LM396 

LT1038C* * 

OP37C 

OP37C 


LT1021-5** 

LM136A 

LM136A 

LM399 

LM399 


LT1037M* 

REF02A 

REF02A 


LT1009M* 

LM399A 

LM399A 

OP37E 

OP37E 


LT1021-5* * 

LM 136-2.5 

LM 136-2.5 

LM399A-20 

LM399A-20 


LT1037AC* 

REF02C 

REF02C 


LT1009M* 

LM399A-50 

LM399A-50 

OP37F 

OP37E 


LT1019C-5* 

LM 136-5 

LT 1 029M * * 

LM1524 

SGI 524 


LT1037C* 


LT1021-5** 

LM137 

LM137 


LT1524* 

OP37G 

OP37G 

REF02D 

LT1019C-5* 


LT137A 

LM2935 

LT1005* * 


LT1037C* 


LT1021-5** 


LT1033M** 

LM3524 

SG3524 

OP77A 

LT1001 AM** 

REF02E 

REF02E 

LM137HV 

LM137HV 


LT3524* 

OP77B 

LT1001 M* * 


LT1021-5** 


LT137AHV* 

MF5 

LTC 1059* 

OP77E 

LT1001AC** 

REF02H 

REF02H 

LM138 

LM138 

LT138A* 

MF10 

LTC 1060* 

OP77F 

OP77G 

LT1001C** 

LT1001C** 


LT1019C-5* 

LT1021-5** 


PMI 


LM148 

LT1014M* 

OP207A 

LT1002M* 

LT1002M* 

LT1002C* 

REF03 

LT1 01 9-2.5 

LM150 

LM150 

LT150A* 

PMI P/N 

LTC DIRECT REPL 

OP207B 

OP207E 

RAYTHEON 

LM158 

LM168BY-5.0 

LT1013M* 

LT1019M-5** 

CMP01 

CMP02 

OP04 

LT1011 ** 

LT1011 ** 

LT1013* 

OP207F 

OP215A 

LT1002C* 

OP215A 

RAYTH P/N 

LTC DIRECT REPL 

LM168BY-10.0 LT1019M-10* * 


LT1 057AM* 

LM101A 

LM101A 

LM185-1.2 

LM185-1.2 

OP05 

OP05 

OP215B 

OP215A* 

LM107 

LM107 


LT1004M-1.2* 

LT1001M* 


LT1 057AM* 

LM111 

LM111 

LM 185-2.5 

LM 185-2.5 

OP05A 

OP05A 

OP215C 

OP215C 

LT111A* 


LT1004M-2.5* 

LT1001M* 


LT1057M* 


LT1011M* 

LM185BX-1.2 

LT1034BM-1.2* 

OP05C 

OP05C 

OP215E 

OP215E 

LM124 

LT1014M* 

LM185BY-1.2 

LT1034M-1.2* 

LT1001C* 


LT1057C* 

LM148 

LM1014M* 

LM185BX-2.5 

LT1034BM-2.5* 

OP05E 

OP05E 

OP215F 

OP215E* 

LM311 

LM311 

LM185BY-2.5 

LT1034M-2.5* 

LT1001C* 


LT1057C* 

LT311A* 

LM196 

LT1038M* * 

OP07 

OP07 

OP215G 

OP215G 


LT1011C* 

LM199 

LM199 

LT1001M* 


LT1057C* 

OP05 

OP05 

LM199A 

LM199A 

OP07A 

OP07A 

OP220 

LT1078* 

LT1001M* 

LM199A-20 

LM199A-20 

LT1001 AM* 

OP221 

LT1013* 

OP05A 

OP05A 

LM234-3 

LM234-3 

OP07C 

OP07C 

OP227A 

OP227A 

LT1001AM* 

LM 234-6 

LM234-6 


LT1001C* 

OP227B 

OP227A 

OP05C 

OP05C 

LM308A 

LM308A 

OP07E 

OP07E 

OP227C 

OP227C 

LT1001C* 


LT1008C* 

LT1001C* 

OP227E 

OP227E 

OP05E 

OP05E 

LM311 

LM311 

OPIO 

LT1002M* 

OP227F 

OP227E 

LT1001C* 


LT31 1 A* 

OPIOA 

LT1 002AM* 

OP227G 

OP227G 

OP07 

OP07 


LT1011C* 

OPIOC 

LT1002C* 

OP290 

LT1078** 

LT1001M* 

LM317 

LM317 

OPIOE 

LT1002C 

OP400A 

LT1014AM** 

OP07A 

OP07A 


LT317A* 

OP11 

LT1014* 

OP400E 

LT1014AC** 

LT1001AM* 

LM317HV 

LM317HV 

OP12A 

LT1012M* 

OP400F 

LT1014AC** 

OP07C 

OP07C 


LT317AHV* 

OP12B 

LT1012M* 

OP420 

LT1079* 

LT1001C* 

LM318 

LM318 

OP12C 

LT1012M* 

OP421 

LT1014* 

OP07E 

OP07E 


LT318A* 

OP12E 

LT1012C* 

OP490 

LT1079** 

LT1001C* 

LM319 

LM319 

OP12F 

LT1012C* 

PM108 

LM108 

OP27A 

OP27A 

LM323 

LT319A* 

OP12G 

LT1012C* 


LT1008M* 

LT1 007AM* 

LM323 

OP15A 

OP15A 

PM108A 

LM108A 

OP27B 

OP27A 


LT323A* 


LT1 055AM* 


LT1008M* 

LT1007M 


LT1003C* * 

OP15B 

OP15B 

PM 155 

LF155 

OP27C 

OP27C 

LM329A 

LM329A 


LT1055M 


LT1055M* 

LT1007M* 

LM329B 

LM329B 

OP15C 

OP15C 

PM155A 

LF155A 

OP27E 

OP27E 

LM329C 

LM329C 


LT1055M* 


LT1055M* 

LT1007AC* 

LM329D 

LM329D 

OP15E 

OP15E 

PM 156 

LF156 

OP27F 

OP27F 

LM333 

LT1033C* 

LT1055AC* 


LT1056M* 

LT1007C* 

LM333A 

LT1033C 

OP15F 

OP1 T1055C* 

PM156A 

LF156A 

OP27G 

OP27G 

LM334 

LM334 

OP15G 

OP15G 


LT1056M* 

LT1007C* 

LM336-2.5 

LM336 


LT1055C* 

PM308A 

LM308A 

OP37A 

OP37A 

LM336B-2.5 

LT1009C* 

OP16A 

OP16A 


LT1008C* 

LT1 037AM* 

LM336B 


LT1 056AM* 

PM355A 

LF355A 

OP37B 

OP37A 

LM336-5 

LT1009C* 

OP16B 

OP16B 


LT1055C* 

LT1037M 

LT1029C* 


LT1056M* 

PM356A 

LF356A 

OP37C 

OP37C 

LM337 

LM337 

OP16C 

OP16C 


LT1056C* 

LT1037M* 


LT337A* 


LT1056M* 

PM 1008 

LT 1 008 

OP37E 

OP37E 

LM337HV 

LT1033C* 

OP16E 

OP16E 

PM1012 

LT1012 

LT1037AC* 

LM337HV 


LT1056AC* 

PM 1558 

LT1013M* 

OP37F 

OP37E 


LT337AHV* 

OP16F 

OP16F 

LT1056C* 

PM2108 

LH2108 

LT1037C* 



*LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 

“Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications 
■(■Consult factory for guaranteed TC devices. 
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ALTERNATE SOURCE CROSS REFERENCE GUIDE 


RAYTH P/N 

LTC DIRECT REPL 

SILGEN P/N 

LTC DIRECT REPL 

Tl P/N 

LTC DIRECT REPL 

OP37G 

OP37G 

SGI 526 

LT1526 

OP27B 

LT1007M* 


LT1037C* 

SG1527A 

SG1527A 

OP27C 

OP27C 

RC714CH 

OP07C 


LT1527A* 


LT1007M 


LT1001C* 

SGI 558 

LT1013M* 

OP27E 

OP27E 

RC714EH 

OP07E 

SG3524 

SG3524 


LT1007AC* 


LT1001C* 


LT3524* 

OP27F 

LT1007C* 

RM714H 

OP07 

SG3525A 

SG3525A 

OP27G 

OP27G 


LT1001M* 


LT3525A* 


LT1007C* 

RM1558 

LT1013M* 

SG3526 

LT3526 

OP37A 

OP37A 



SG3527A 

SG352/A* 


LT1 037AM* 

dlbNCIIl/d 


LT3527A* 

OP37B 

LT1037M* 

SIGNETICSP/N LTC DIRECT REPL 

TELEDYNE SEMICONDUCTOR 

OP37C 

OP37C 

LT1037M* 

LF398 

LF398A 

LM101A 

LF398 

LF398A 

LM101A 

TSC P/N 

LTC DIRECT REPL 

OP37E 

OP37E 

LT1037AC* 

TSC04 

LM385-1.2 

OP37F 

LT1037C* 

LM111 

LM111 

TSC05 

LM385-2.5 

OP37G 

OP37G 


LT111A* 

TSC232 

LT1080* * 

SGI 524 

LT1037C* 


LT1011M* 

LT1081 ** 

SG1524 

LM119 

LM119 

TSC91 1 

LTC 1050 

SGI 525 A 

LT 1 524 * 


LT119A* 

TSC913 

LT1078** 

SGI 525 A 

LM124 

LT1014M* 

TSC914 

LT1079* * 

SG3524 

LT1525A* 

LM158 

LT1013M* 

TSC918 

LTC7652** 

SG3524 

LM311 

LM311 

TSC7650 

LTC 1050 

SG3525A 

LT3524* 


LT311A* 

TSC7652 

LTC7652 

SG3525A 

MC1558 

LT1011C* 


LTC1052 


LT3525A* 

LT1013M* 

TSC7660 

LTC 1044* 

UNITR0DE 

N El 037 

LT1037 

TSC9491 

LM385-1.2 

NE5534 

OP37* 

LT1004C-1.2 

UNITR0DE P/N LTC DIRECT REPL 


LT1037* 

TSC9495 

REF02 






NE5534A 

OP37* 


LT1019M-5 

UC117 

LM117 


LT1037* 


LT1021-5** 


LT117A* 

SE5534 

SE5534A 

OP37* 

LT1037* 

OP37* 

TSC9496 

REF01E 

LT1021-10** 

UC137 

LM137 

LT137A* 

LT1033M** 




SG3524 

LT1037* 

TEXAS INSTRUMENTS 

UC150 

LM150 

SG3524 

LT3524* 

TIP/N 

LTC DIRECT REPL 

UC317 

LT150A* 

LM317 

SILICON GENERAL 

LM101A 

LM107 

LM108A 

LM101A 

LM107 

LM108A 

UC337 

LT317A* 

LM337 

SILGENP/N 

LTC DIRECT REPL 


LT337A* 

LT1033C** 







UC350 

SG101A 

LM101A 


LT111A* 

LM350 

SGI 08 

LM108 


LT1011M* 


LT350A* 


LT1008M* 

LM124 

LT1014M* 

UC1524 

SGI 524 

SGI 08 A 

LM108A 

LM148 

LT1014M* 

UC1525A 

LT1524* 


LT1008M* 

LM158 

LT1013M* 

SG1525A 

SG111 

LM111 

LM 185-2.5 

LM 185-2.5 

UC1527A 

LT1525A* 


LT111A 

LM311 

LM311 

SG1527A 


LT1011M* 

LT311 A* 


LT1527A* 

SG117 

LM117 


LT1011C* 

UC1846 

LT 1 846 

SG117A 

LT117A 

LM317KC 

LM317T 

UC1847 

LT1847 

SGI 23 

LM123 

LM317AT* 

UC3524 

SG3524 

SG123A 

LT123A 

LM318 

LM318 


LT3524* 


LT1003M** 

LT318A* 

UC3525A 

SG3525A 

SGI 24 

LT1014M* 

LM323 

LM323 


LT3525A* 

SGI 37 

LM137 

LT323A* 

UC3527A 

SG3527A 

SG137A 

LT137A 

LM350 

LM350 

UC3846 

LT3527A* 


LT1033M** 

LT350A* 

LT3846 

SGI 38 

LM138 

LT1004 

LT 1 004 

UC3847 

LT3847 

SGI 38 A 

LT138A 

LT 1 007 

LT 1 007 



SGI 50 

LM150 

LT 1 008 

LT 1 008 



SG150A 

LT150A 

LT 1 009 

LT 1 009 



SG311 

LM311 

LT1011 

LT1011 




LT311A* 

LT1013 

LT1013 




LT1011C* 

LT1016 

LT1016 



SG317 

LM317 

LT 1 028 

LT 1 028 



SG317A 

LT317A 

LT 1 037 

LT 1 037 



SG323 

LM323 

LT 1 070 

LT1070 



SG323A 

LT323A 

LTC 1044 

LTC 1044 




LT1003C** 

LTC 1052 

LTC 1052 



SG337 

LM337 

MC1558 

LT1013M* 



SG337A 

LT337A 

OP07/714C 

OP07C 




LT1033C** 

LT1001C* 



SG338 

LM338 

OP07/714D 

OP07D 



SG338A 

LT338A 


LT1001C* 



SG350 

LM350 

OP07/714E 

OP07E 



SG350A 

LT350A 


LT1001C* 



SGI 524 

SGI 524 

LT1524* 

OP27A 

OP27A 

LT1 007AM* 



SGI 525 A 

SGI 525 A 
LT1525A* 






*LTC Improved Replacement: 100% Pin-for-pin compatible with better electrical specifications. 

* ’Similar Device: Please consult the data sheet to determine the suitability of the replacement for specific applications. 
fConsult factory for guaranteed TC devices. 
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TECHNOLOGY 


INDEX 


SECTION 2— OPERATIONAL AMPLIFIERS 

INDEX 2-2 

SELECTION GUIDE 2-4 

PROPRIETARY PRODUCTS 

LT1 001, Precision Op Amp 2-11 

LT1 001 CS8, Precision Op Amp 2-23 

L T 1 002, Dual, Matched Precision Op Amp 2-25 

L T1006, Precision, Single Supply Op Amp 2-41 

L T1006S8, Precision, Single Supply Op Amp 2-53 

L T 1 007, Low Noise, High Speed Precision Op Amp 2-57 

L T 1 007CS/L T 1 037CS, Low Noise, High Speed Precision Op Amps 2-69 

L T1008, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp 2-73 

LT1 010, Fast ±1 50mA Power Buffer 2-85 

L T 1012, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp 2-105 

LT1012S8, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp 2-117 

LT1013, Dual Precision Op Amp 2-121 

L T 1 013DS8, Dual Precision Op Amp 2-141 

LT1014, Quad Precision Op Amp 2-121 

LT1022, Highspeed, Precision JFET Input Op Amp 2-145 

LT1024, Dual, Matched Picoampere, Microvolt Input, Low Noise Op Amp 2-153 

LT1 028, Ultra-Low Noise Precision High Speed Op Amp 2-161 

LT1028CS, Ultra-Low Noise Precision High Speed Op Amp 2-177 

L T1037, Low Noise, High Speed Precision Op Amp 2-57 

L TC 1 049, Low Power Chopper Stabilized Op Amp with Internal Capacitors 13-10 

LTC1050, Precision Chopper Stabilized Op Amp with Internal Capacitors 2-181 

LTC1051, Dual Precision Chopper Stabilized Op Amp with Internal Capacitors 13-13 

LTC1 052, Chopper Stabilized Op Amp 2-197 

LTC1052CS, Chopper Stabilized Op Amp (CSOA™) 2-217 

LT1055, Precision, High Speed, JFET Input Op Amp 2-219 

L T 1 056, Precision, High Speed, JFET Input Op Amp 2-219 

L T 1 055S8/L T 1 056S8, Precision, High Speed, JFET Input Op Amps 2-231 

LT1057, Dual JFET Input Precision, High Speed Op Amp 2-235 

LT1057S/LT1057IS, Dual JFET Input Precision, High Speed Op Amp 2-247 

L T 1 058, Quad JFET Input Precision, High Speed Op Amp 2-235 

L T 1 077, Micropower, Single Supply, Precision Op Amp 13-27 

LT1078, Micropower, Dual, Single Supply, Precision Op Amp 2-251 

LT1079, Micropower, Quad, Single Supply, Precision Op Amp 2-251 

LTC11 00, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain -100) 13-35 

LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) 13-36 

LT1102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 or 100) 1 3-48 

LTC1150, ±15V Chopper Stabilized Op Amp with Internal Capacitor 1 3-49 

LT1178, 17 p,A Max, Dual Single Supply, Precision Op Amp 2-267 

LT1179, 17fiA Max, Quad Single Supply, Precision Op Amp 2-267 
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ENHANCED AND SECOND SOURCE PRODUCTS 

LF1 55/LF355, JFET Input Op Amp, Low Supply Current 2-271 

LF155A/LF355A, JFET Input Op Amp, Low Supply Current 2-271 

LF1 56/LF356, JFET Input Op Amp, High Speed 2-271 

LF156A/LF356A, JFET Input Op Amp, High Speed 2-271 

LF412A, Dual Precision JFET Input Op Amp 2-275 

LH2108A, Dual LM1080p Amp 2-279 

LM10/B(L)/C(L), Low PowerOp Ampand Reference 2-281 

LM101A/LM301A, Uncompensated General Purpose Op Amp 2-297 

LM107/LM307, Compensated General Purpose Op Amp 2-297 

LM108/LM308, Super Gain Op Amp 2-303 

LM108A/LM308A, Super Gain Op Amp 2-303 

LM118/LM318, High Slew Rate Op Amp 2-311 

LM318S8, High Speed Op Amp 2-319 

LT118A/LT318A, Improved LM1 18 Op Amp 2-311 

L TC7652, Chopper-Stabilized Op Amp 2-197 

0P-05, 0P-05A, 0P-05C, 0P-05E, Internally Compensated Op Amp 2-321 

0P-07, OP-07A, 0P-07C, 0P-07E, Precision Op Amp 2-329 

0P-07CS8, Precision Op Amp 2-337 

0P-15A, 0P-15B, OP-15C, 0P-15E, 0P-15F, 0P-15G, Precision, High Speed JFET Input Op Amp 2-341 

OP-16A, OP-16B, OP-16C, OP-16E, OP-16F, 0P-16G, Precision, High Speed JFET InputOp Amp 2-341 

OP-27A, OP-27C, 0P-27E, 0P-27G, Low Noise, Precision Op Amp 2-345 

0P-37A, OP-37C, 0P-37E, 0P-37G, Low Noise, High Speed Op Amp 2-345 

OP-215, Dual Precision JFET Input Op Amp 2-275 

OP-227A, OP-227C, 0P-227E, 0P-227G, Dual Matched, Low Noise Op Amp 2-357 

OP-237A, 0P-237C, 0P-237E, 0P-237G, Dual High Speed, Low Noise Op Amp 2-357 




2-3 




OP AMP SELECTION GUIDE 


/Turm 

TECHNOLOGY 

ffllllTflftV 


PART NUMBER 

ELECTRICAL CHARACTERISTICS I 

IMPORTANT FEATURES 

Vos 

MAX 

W 

TC 

Vos 

0*V/°C) 

Ib 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 

MIN 

m 

NOISE 

MAX 10Hz 
(nV/Vfiz) 

PACKAGES 

AVAILABLE 

SINGLE | 

LT1001AM 

15 

0.6 

2.0 

450 

0.15 

18 

H, J8 

Extremely Low Offset Voltage 

Low Noise, Low Drift 

LT1001M 

60 

1.0 

3.8 

400 

0.15 

18 

H, J8 

LT1006AM 

50 

1.3 

15 

1000 

0.25 

24t 

H, J8 

Single Supply Operation, Fully 
Specified for +5V Supply 

LT1006M 

80 

1.8 

25 

700 

0.25 

24t 

H, J8 

LT1007AM 

25 

0.6 

35 

7000 

1.7 

4.5 

H, J8 

Extremely Low Noise, Low 

Drift 

LT1007M 

60 

1.0 

55 

5000 

1.7 

4.5 

H,J8 

LT1008M 

120 

1.5 

0.1 

200 

0.1 

30 

H 

Low Bias Current, Low Power 

LT1010M 

90mV 

0.6mV/°Ct 

150/tA 

0.995 

75 

90t 

H,K 

High Speed Buffer, Drives 
± 10V into 75Q. 

LT1012M 

35 

1.5 

0.1 

200 

0.1 

30 

H 

Low V os , Low Power 

LT1022AM 

250 

5.0 

0.05 

150 

23 

50 

H 

Very High Speed JFET Input 

Op Amp with Very Good DC 

Specs. 

LT1022M 

600 

9.0 

0.05 

120 

18 

60 

H 

LT1028AM 

40 

0.8 

90 

7000 

11 

1.7 

H, J8 

Lowest Noise, High Speed, 

Low Drift 

LT1028M 

80 

1.0 

180 

5000 

11 

1.9 

H, J8 

LT1037AM 

25 

0.6 

35 

7000 

11 

4.5 

H, J8 

Extremely Low Noise, High 

Speed 

LT1037M 

60 

1.0 

55 

5000 

11 

4.5 

H, J8 

LT1055AM 

150 

4 

0.05 

150 

10 

50 

H 

Lowest Offset, JFET Input 

Op Amp Combines High 

Speed and Precision 

LT1055M 

400 

8 

0.05 

120 

7.5 

60 

H 

LT1056AM 

180 

4 

0.05 

150 

12 

50 

H 

LT1056M 

450 

8 

0.05 

120 

9 

60 

H 

LT1077AM 

40 

0.4 

9 

250 

0.12 

40 

H,J8 

Micropower, Single Supply, 
Precision, Low Noise 

LT1077M 

60 

0.4 

11 

200 

0.12 

29t 

H,J8 

LTC1050AM 

5 

0.05 

0.035 

3162 

4t 

0.6/rVp-p** 

H, J8 

No External Caps Required, 
Chopper Stabilized 

LTC1050M 

5 

0.05 

0.050 

1000 

4t 

0.6/iVp-p** 

H, J8 

LTC1052M 

5 

0.05 

0.03 

1000 

3t 

0.5/i.Vp-p* * 

H, J, J8 

Chopper Stabilized Low Noise 

LF155A 

2000 

5 

0.05 

75 

5 

25t* 

H 

JFET Inputs, Low 1 Bias, No 

Phase Reversal, Guaranteed 

TC Vos on all Grades 

LF155 

3500 

15 

0.10 

50 

5 

25t* 

H 

LF156A 

2000 

5 

0.05 

75 

10 

15t* 

H 

LF156 

3500 

15 

0.10 

50 

9 

15t* 

H 

LM10 

2000 

2t 

20 

120 


50t 

H, J8 

On-Chip Reference Operates 
with + 1.2V Single Battery 

LM101A 

2000 

15 

75 

25 

0.3 

28t 

H, J8 

Uncompensated Gen. Purp. 

LM107 

2000 

15 

75 

25 

0.3 

28t 

H, J8 

Compensated Gen. Purp. 

LM108A 

500 

5 

2 

40 

0.1 

30t 

H 

Low Bias Current, Low 

Supply Current 

LM108 

2000 

15 

3 

25 

0.1 

30t 

H 

LM118 

4000 


250 

25 

50 

42t 

H 

High Speed, 15MHz 

LT118A 

1000 


250 

200 

50 

42t 

H,J8 

Highspeed, 15MHz 

OP-05A 

150 

0.9 

2 

300 

0.1 

18 

H, J8 

Low Noise, Low Offset Drift 
with Time 

OP-05 

500 

2.0 

3 

200 

0.1 

18 

H, J8 

OP-07A 

25 

0.6 

2 

300 

0.1 

18 

H,J8 

Low Initial Offset, Low Noise, 

Low Drift 

OP-07 

75 

1.3 

3 

200 

0.1 

18 

H, J8 

0P-15A 

500 

5 

0.05 

100 

10 

20t* 

H 

Precision JFET Input, Lowl 

Bias, No Phase Reversal 

0P-15B 

1000 

10 

0.1 

75 

7.5 

20t* 

H 

0P-15C 

3000 

15 

0.2 

50 

5 

20t* 

H 

0P-16A 

500 

5 

0.5 

100 

18 

20t* 

H 

Precision JFET Input, High 

Speed, No Phase Reversal 

0P-16B 

1000 

10 

0.1 

75 

12 

20t* 

H 

0P-16C 

3000 

15 

0.2 

50 

9 

20t* 

H 

OP-27A 

25 

0.6 

40 

1000 

1.7 

5.5 

H, J8 

Very Low Noise, Unity Gain 

Stable 

OP-27C 

100 

1.8 

80 

700 

1.7 

8.0 

H, J8 

OP-37A 

25 

0.6 

40 

1000 

11 

5.5 

H, J8 

Very Low Noise, Stable for 
Gains>5 

OP-37C 

100 

1.8 

80 

700 

11 

8.0 

H, J8 
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OP AMP SELECTION GUIDE 


fMUTflRV 


PART NUMBER 

ELECTRICAL CHARACTERISTICS | 

IMPORTANT FEATURES 

Vos 

MAX 

(mV) 

TC 

Vos 

(mV/°C) 

Ib 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 

MIN 

(V//ts) 

NOISE 

MAX 10Hz 
(nV/VHz) 

PACKAGES 

AVAILABLE 

DUAL | 

LT1 002AM 

60 

0.9 

3.0 

400 

0.15 

20 

J 

Dual, Matched LT1001 High 

CMRR, PSRR Matching 

LT1002M 

100 

1.3 

4.5 

350 

0.15 

20 

J 

LT1013AM 

150 

2.0 

20 

1500 

0.2 

24t 

H, J8 

Precision Dual Op Amp in 

8-Pin Package 

LT1013M 

300 

2.5 

30 

1200 

0.2 

24t 

H, J8 

LT1024AM 

50 

1.5 

0.12 

250 

0.1 

33 

o 1 

Low Vos, Low Power, 

Matching Specs 

LT1024M 

100 

2.0 

0.20 

180 

0.1 

33 

D 

LT1 057AM 

450 

7 

0.05 

150 

10 

75 

H, J8 

Low Offset, JFET Input 

Multiple Op Amps Combine 
Highspeed and Excellent DC 
Specs 

LT1057M 

800 

12 

0.075 

100 

8 

80 

H,J8 

LT1 078AM 

70 

2.0 

0.25 

250 

0.07t 

40 

H,J8 

Micropower, Precision, Single 
Supply, Low Noise Dual 

LT1078M 

120 

2.5 

0.35 

200 

0.07t 

29t 

H, J8 

LT1178AM 

70 

2.2 

5 

140 

0.013 

75 

H, J8 

17ftA Max, Single Supply, 

Precision Dual 

LT1178M 

120 

3.0 

6 

110 

0.013 

50t 

J,N 

LF412AM 

1000 

10 

0.1 

100 

10 

20t* 

H, J8 

High Performance Dual JFET 

Input Op Amp 

LH2108A 

500 

5.0 

2 

40 

0.1 

30+ 

D 

Dual, Low Bias Current, Side 
Brazed Package 

LH2108 

2000 

15.0 

2 

25 

0.1 

30+ 

D 

OP-21 5A 

1000 

10 

0.1 

150 

10 

20+* 

H,J8 

High Performance Dual JFET 

Input Op Amp 

OP-21 5C 

3000 

20 

0.2 

50 

8 

20+* 

H, J8 

OP-227 A 

80 

1.0 

40 

3000 

1.7 

6 

J 

Dual Matched OP-27 

OP-227C 

180 

1.8 

80 

2000 

1.7 

9 

J 

OP-237A 

80 

1.0 

40 

3000 

10 

6 

J 

Dual Matched OP-37 

OP-237C 

180 

1.8 

80 

2000 

10 

9 

J 

QUAD 1 

LT1014AM 

180 

2.0 

20 

1500 

0.2 

24+ 

J 

Precision Quad Op Amp 
in 14-Pin Package 

LT1014M 

300 

2.5 

30 

1200 

0.2 

24+ 

J 

LT1058AM 

600 

10 

0.05 

150 

10 

75 

J 

Low Offset JFET Input 

Multiple Op Amps Combine 

High Speed and Excellent DC 
Specs 

LT1058M 

1000 

15 

0.075 

100 

8 

80 

J 

LT1 079AM 

120 

2.0 

0.25 

250 

0.07t 

40 

J 

Micropower, Precision, Single 
Supply, Low Noise Quad 

LT1079M 

150 

2.5 

0.35 

200 

0.07t 

29+ 

J 

LT1 179AM 

100 

2.2 

3 

140 

0.013 

75 

J 

17/iA Max, Single Supply, 

Precision Quad 

LT1179M 

150 

3.0 

6 

110 

0.013 

50+ 

J 


t Typical Spec 
* 100Hz Noise 
** DC to 1Hz Noise 


commcticmi 


PART NUMBER 

ELECTRICAL CHARACTERISTICS 

IMPORTANT FEATURES 

Vos 

MAX 

(mV) 

TC 

Vos 

(mV/°C) 

Ib 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 

MIN 

(V/mS) 

NOISE 

MAX 10Hz 
(nV/Vfiz) 

PACKAGES 

AVAILABLE 

SINGLE j 

LT1001AC 

25 

0.6 

2.0 

450 

0.15 

18 

H,J8, N8 

Extremely Low Offset Voltage 

Low Noise, Low Drift 

LT1001C 

60 

1.0 

3.8 

400 

0.15 

18 

H, J8, N8, S8 

LT1006AC 

50 

1.3 

15 

1000 

0.25 

24+ 

H,J8 

Single Supply Operation, Fully 
Specified for +5V Supply 

LT1006C 

80 

1.8 

25 

700 

0.25 

24+ 

H,J8, N8 

LT1006S8 

400 

3.5 

25 

700 

0.25 

25 

S8 

LT1007AC 

25 

0.6 

35 

7000 

1.7 

4.5 

H,J8, N8 

Extremely Low Noise, Low 

Drift 

LT1007C 

60 

1.0 

55 

5000 

1.7 

4.5 

H,J8, N8,S 

LT1008C 

120 

15 | 

0.1 H 

200 

0.1 

30 

H,N8 

Low Bias Current, Low Power 


XTdSS 
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OP AMP SELECTION GUIDE 
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PART NUMBER 

ELECTRICAL CHARACTERISTICS 

IMPORTANT FEATURES 

Vos 

MAX 

TC 

Vos 

(nWC) 

Ib 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 

MIN 

m 

NOISE 

MAX 10Hz 
(nV/VHz) 

PACKAGES 

AVAILABLE 

SINGLE i 

LT1010C 

100m V 

0.6mV/°Ct 

250/tA 

0.995 

75 

90t 

H, K,T 

Highspeed Buffer, Drives 
± 10V into 750. 

LT1012A 

25 

0.6 

100 

300 

0.1 

30 

H, N8 

Low Vos, Low Power 

LT1012C 

50 

1.5 

0.15 

200 

0.1 

30 

H, N8 

LT1012D 

60 

1.7 

150 

200 

0.1 

30 

H, N8 

LT1012S8 

120 

1.8 

0.28 

200 

0.1 

30 

S8 

LT1022AC 

250 

5.0 

0.05 

150 

23 

50 

H 

Very High Speed JFET Input 

Op Amp with Very Good DC 

Specs 

LT1022CH 

600 

9.0 

0.05 

120 

18 

60 

H 

LT1022CN8 

1000 

15.0 

0.05 

100 

18 

60 

N8 

LT1028AC 

40 

0.8 

90 

7000 

11 

1.7 

H, J8, N8 

Lowest Noise, High Speed, 

Low Drift 

LT1028C 

80 

1.0 

180 

5000 

11 

1.9 

H, J8, N8,S 

LT 1037 AC 

25 

0.6 

35 

7000 

11 

4.5 

H, J8, N8 

Extremely Low Noise, High 

Speed 

LT1037C 

60 

1.0 

55 

5000 

11 

4.5 

H, J8, N8,S 

LT1055AC 

150 

4 

0.05 

150 

10 

50 

H 

Lowest Offset, JFET Input 

Op Amp Combines High 

Speed and Precision 

LT1055C 

400 

8 

0.05 

120 

7.5 

60 

H 

LT1055CN8 

700 

12 

0.05 

120 

7.5 

60 

N8 

LT1055S8 

1500 

15 

0.1 

120 

7.5 

70 

S8 

LT1056AC 

180 

4 

0.05 

150 

12 

50 

H 

LT1056C 

450 

8 

0.05 

120 

9 

60 

H 

LT1056CN8 

800 

12 

0.05 

120 

9 

60 

N8 

LT1056S8 

1500 

15 

0.1 

120 

9.0 

70 

S8 

LT1077AC 

40 

0.4 

9 

250 

0.12 

40 

H, J8, N8.S8 

Micropower, Single Supply, 
Precision, Low Noise 

LT1077C 

60 

0.4 

ii 

200 

0.12 

29t 

H,J8, N8.S8 

LTC1050AC 

5 

0.05 

0.035 

3162 

4t 

0.6/iVp-p** 

H,J8, N8,S8 

No External Caps Required, 
Chopper Stabilized 

LTC1050C 

5 

0.05 

0.050 

1000 

4t 

0.6/iVp-p* * 

H, J8, N8, S8 

LTC1052C 

5 

0.05 

0.03 

1000 

3t 

0.5/iVp-p* * 

H,N8, N 

Chopper Stabilized, Low Noise 

LTC7652C 

5 

0.05 

0.03 

1000 

3t 

0.5/tVp-p** 

H, N8 

LF355A 

2000 

5 

0.05 

75 

5 

25t* 

H, N8 

JFET Inputs, Low 1 Bias, No 

Phase Reversal 

LF356A 

2000 

5 

0.05 

75 

10 

15t* 

H, N8 

LM10B 

2000 

2t 

20 

120 

- 

50+ 

H, J8 

On-Chip Reference, Operates 
with + 1.2V Single Battery 

LM10BL 

2000 

2t 

20 

60 

- 

50+ 

H, J8 

LM10C 

4000 

5t 

30 

80 

- 

50+ 

H, J8, N8 

LM10CL 

4000 

5t 

30 

40 

- 

50+ 

H, J8, N8 

LM308A 

500 

5 

7 

60 

0.1 

30+ 

H, N8 

Low Bias, Supply Current 

LT318A 

1000 


250 

200 

50 

42t 

H, J8, N8 

High Speed, 15MHz 

LM318 

10000 


500 

25 

50 

42+ 

H, J8, N8, S8 

High Speed, 15MHz 

OP-05C 

1300 

4.5 

7 

120 

0.1 

20 

H, J8, N8 

Low Noise, Low Offset Drift 
with Time 

OP-05E 

500 

2.0 

4 

200 

0.1 

18 

H,J8,N8 

OP-07C 

150 

1.8 

7 

120 

0.1 

20 

H, J8, N8,S8 

Low Initial Offset, Low Noise, 

Low Drift 

OP-07E 

75 

1.3 

4 

200 

0.1 

18 

H, J8, N8 

0P-15E 

500 

5 

0.05 

100 

10 

20t* 

H, N8 

Precision JFET Input, Low 1 

Bias, No Phase Reversal 

0P-15F 

1000 

10 

0.1 

75 

7.5 

20+* 

H, N8 

OP-15G 

3000 

15 

0.2 

50 

5 

20+* 

H, N8 

OP-16E 

500 

5 

0.05 

100 

18 

20+* 

H, N8 

Precision JFET Input, High 

Speed, No Phase Reversal 

OP-16F 

1000 

10 

0.1 

75 

12 

20+* 

H, N8 

OP-16G 

3000 

15 

0.2 

50 

9 

20+ * 

H, N8 

OP-27E 

25 

0.6 

40 

1000 

1.7 

5.5 

H, J8, N8 

Very Low Noise, Unity Gain 

Stable 

OP-27G 

100 

1.8 

80 

700 

1.7 

8.0 

H, N8 

OP-37E 25 0.6 40 1000 11 5.5 H,J8,N8 

Very Low Noise, Stable for 
Gains>5 

OP-37G 100 1.8 80 700 11 8.0 H,N8 

DUAL | 

LT1002AC 

60 

0.9 

3.0 

400 

0.15 

20 

J, N 

Dual, Matched LT1001 High 

LT1002C 

100 

1.3 

4.5 

350 

0.15 

20 

J, N 

CMRR, PSRR Matching 
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PART NUMBER 

ELECTRICAL CHARACTERISTICS 

IMPORTANT FEATURES 

Vos 

MAX 

TC 

Vos 
foV/ # C) 

Ib 

MAX 

(nA) 

Avol 

MIN 

(V/mV) 

SLEW RATE 
MIN 

OM 

NOISE 

MAX 10Hz 
(nV/VHz) 

PACKAGES 

AVAILABLE 

DUAL i 

LT1013AC 

150 

2.0 

20 

1500 

0.2 

24t 

H,J8 

Precision Dual Op Amp 
in 8-Pin Package 

LT1013C 

300 

2.5 

30 

1200 

0.2 

24t 

H,J8, N8 

LT1013D 

800 

5.0 

30 

1200 

0.2 

24t 

N8.S8 

LT1024AC 

50 

1.5 

0.12 

250 

0.1 

33 

N 

Low Vos, Low Power, 

Matching Specs 

LT1024C 

100 

2.0 

0.20 

180 

0.1 

33 

N 

LT1057AC 

450 

7 

0.05 

150 

10 

75 

H, J8 

Low Offset JFET Input 

Multiple Op Amps Combine 

High Speed and Excellent DC 
Specs 

LT1057ACN8 

450 

10 

0.05 

150 

10 

75 

N8 

LT1057C 

800 

12 

0.075 

100 

8 

80 

H, J8 

LT1057CN8 

800 

16 

0.075 

100 

8 

80 

N8 

LT1057S 

2000 

5t 

0.1 

100 

8 

13 

S 

LT1057IS 

2000 

5t 

0.1 

100 

8 

13 

S 

LT1078AC 

70 

2.0 

8 

250 

0.07t 

40 

H, J8, N8 

Micropower, Precision, 

Single Supply, Low Noise Dual 

LT1078C 

120 

2.5 

10 

200 

0.07t 

29+ 

H, J8, N8 

LT1178AC 

70 

2.2 

5 

140 

0.013 

75 

H,J8, N8 

17/iA Max, Single Supply, 

Precision Dual 

LT1178C 

120 

3.0 

6 

110 

0.013 

50+ 

H,J8, N8 

LF412AC 

1000 

10 

0.1 

100 

10 

20+* 

H, J8, N8 

High Performance Dual JFET 

Input Op Amp 

OP-215E 

1000 

10 

0.1 

150 

10 

20+* 

H,J8, N8 

OP-21 5G 

3000 

20 

0.2 

50 

8 

20t* 

H, J8, N8 

OP-227E 

80 

1.0 

40 

3000 

1.7 

6 

J,N 

Dual Matched OP-27 

OP-227G 

180 

1.8 

80 

2000 

1.7 

9 

J,N 

OP-237E 

80 

1.0 

40 

3000 

10 

6 

J,N 

Dual Matched OP-37 

OP-237G 

180 

1.8 

80 

2000 

10 

9 

J,N 

QUAD | 

LT1014AC 

180 

2.0 

20 

1500 

0.2 

24+ 

J 

Precision Quad Op Amp 
in 14-Pin Package 

LT1014C 

300 

2.5 

30 

1200 

0.2 

24+ 

J» N 

LT1014D 

800 

5.0 

30 

1200 

0.2 

24+ 

N 

LT1058AC 

600 

10 

0.05 

150 

10 

75 

J 

Low Offset JFET Input 

Multiple Op Amps Combine 

High Speed and Excellent DC 
Specs 

LT1058ACN 

600 

15 

0.05 

150 

10 

75 

N 

LT1058C 

1000 

15 

0.075 

100 

8 

80 

J 

LT1058CN 

1000 

22 

0.075 

100 

8 

80 

N 

LT1079AC 

120 

2.0 

8 

250 

0.07t 

40 

J,N 

Micropower, Precision, Single 
Supply, Low Noise Quad 

LT1079C 

150 

2.5 

10 

200 

0.07t 

29+ 

J,N 

LT1179AC 

100 

2.2 

5 

140 

0.013 

75 

J, N 

17jtA Max, Single Supply, 

Precision Quad 

LT1179C 

150 

3.0 

6 

110 

0.013 

50+ 

J, N 


t Typical Spec 
* 100Hz Noise 
** DC to 1Hz Noise 


XTUDS® 
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OP AMP SELECTION GUIDE 


SCLCCTIOA BV DCSIGA PflARfflCTCfl 

LOW OFFSET VOLTAGE 

Max Input Offset Voltage (Ta= 25°C) 


<15 /iV 

<25/iV 

<75/tV 

<150 

<1mV 

LT1001AM 

LT1001AC 

LT1001 

LT1002 

LT1013 (D) 

LTC1050A 

LT1007A 

LT1002A (D) 

LT1006 

LT1014 (Q) 

LTC1050 

LT1012A 

LT1006A 

LT1008 

LT1014A (Q) 

LTC1052 

LT1037A 

LT1007 

LT1012S8 

LT1022ALL 

LTC7652 

OP-07A 

LT1012 

LT1013A (D) 

LT1055C 


OP-27A 

LT1012D 

LT1 024(D) 

LT1055M 


OP-27E 

LT1012S8 

LT1028 

LT1056AM 


OP-37A 

LT1024A (D) 

LT1055AM 

LT1056AC 


OP-37E 

LT1037 

LT1077 

LT1078A (D) 

LT1178A (D) 

OP-07E 

OP-07 

LT1055AC 

LT1079A (Q) 

LT1 178(D) 

LT1179A (Q) 

LT1179 (Q) 

OP-05 A 

OP-07C, D 

OP-27C 

OP-37C 

OP-227A, E (D) 
OP-237A, E(D) 

LT1056M 

LT1056C 

LT1057 ALL (D) 

LT1058 ALL (Q) 

LT1 078(D) 

LT1079 (Q) 

LF412A 

LH2108A (D) 

LM108A 

LM308A 

OP-05 

OP-05E 

OP-15A, E 

OP-15B, F 

OP-16A, E 

OP-16B, F 

OP-21 5A, E(D) 


LOW BIAS CURRENT 

Max Input Bias Current (Tj =25°C) 


<0.2nA 

<3nA 

<5nA 

<10nA 

LT1008 

LT1012 ALL 
LT1022ALL 

LT1024 ALL (D) 

LT1055ALL 

LT1056ALL 

LT1057 ALL (D) 

LT1058 ALL(Q) 
LF155ALL 

LF156ALL 

LF412AALL 

LTC7652 

LTC1050 

LTC1052 

OP-15 ALL 

OP-16 ALL 

OP-215 ALL (D) 

LT1001A 

LT1002A (D) 
LT1006ALL 

LM108 

LM108A 

OP-05 A 

OP-05 

OP-07A 

OP-07 

LT1001 

LT1 002(D) 

LT1178A (D) 
LT1179A (Q) 

OP-05E 

OP-07 E 

LT1077A 

LT1078A (D) 

LT1079A (Q) 

LT1 078(D) 

LT1079 (Q) 

LT1178 (D) 

LT1179 (Q) 

OP-05C 

LM308A 


(D)-DualOpAmp 
(Q)-Quad Op Amp 
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OP AMP SELECTION GUIDE 


S€l€CTIOn BY DCSIGft PRRRID€T€R 

LOW NOISE 

Typ Equivalent Input Noise Voltage 
perVHz, f =10Hz, Rs=100!) 


<1nV/VHz 

< 25n V/VHz 

LT1028 ALL 

LT1001 ALL 
LT1002 ALL (D) 
LT1006 ALL 
LT1008 

LT1012 

<5nVVfiz 

LT1007ALL 

LT1013 ALL (D) 

LT1037ALL 

LT1014 ALL (D) 

OP-27 ALL 

LT1022 ALL 

OP-37 ALL 

LTC1050 

OP-227 ALL (D) 

LTC1052 

OP-237 ALL (D) 

*LT1055 ALL 
*LT1056 ALL 
LTC7652 

* LF155 ALL 

* LF355 ALL 

* LF156 ALL 
OP-05 ALL 
OP-07 ALL 

* OP-15 ALL 
*OP-16 ALL 


* 100Hz Noise 


HIGH SLEW RATE 
Typ Slew Rate 


> 1 0V/^tS 

>50V/fiS 

LT1022ALL 

LT1028ALL 

LT1037ALL 

LT1055ALL 

LT1056A 

OP-37 ALL 

OP-16A, B 

OP-16E, F 

OP-237 ALL (D) 
LF412A (D) 

OP-215A, E(D) 
LT1057A (D) 

LT1058A (Q) 

LT118A/318A 

LM1 18/318 

LT1010 


LOW POWER 

Maximum Supply Current (per Amplifier) 


<50/iA 

<60fiA 

<1mA 

LT1078A (D) 

LT1079A (Q) 

LT1178A (D) 

LT1 178(D) 

LT1179A (Q) 

LT1179 (Q) 

LT1077 

LT1 078(D) 

LT1079 (Q) 

LT1006 

LT1008 

LT1012 ALL 

LT1013 (D) 

LT1014 (Q) 

LT1 024(D) 

LM108A 

LH2108A (D) 


HIGH GAIN 
Typ Open Loop Gain 


IV 

2:1000 mV 

LT1001 

LT1006A 

LT1002 (D) 

LT1007 

LT1006 

LT1 01 3 (D) 

LT1008 

LT1014 (Q) 

LT1012 ALL 

LT1028 

LT118A 

LT1037 

LT318A 

OP-27 

OP-05 

OP-37 

OP-07 

OP-227 (D) 

LT1077 

OP-237 (D) 

LT1 078(D) 

LTC1050 

LT1079 (Q) 

LTC1052 

LT1178 (D) 

LTC7652 

LT1179 (Q) 



(D) — Dual Op Amp 
(Q)-Quad Op Amp 
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TO-5 

HERMETIC 

HERMETIC 

PLASTIC 

PLASTIC 

HERMETIC 

HERMETIC 

PLASTIC 

PLASTIC 

PLASTIC 

CERPAK 

8 LEAD 

DIP 

DIP 

DIP 

DIP 

DIP 

DIP 

SO 

SO 

SOL 

10 LEAD 

10 LEAD 

8 LEAD 

ULEAD 

8 LEAD 

ULEAD 

8 LEAD 

ULEAD 

8 LEAD 

ULEAD 

16 LEAD 






16 LEAD 


16 LEAD 


16 LEAD 


16 LEAD 

18 LEAD 






18 LEAD 


18 LEAD 


18 LEAD 



20 LEAD 






20 LEAD 


20 LEAD 





24 LEAD 






24 LEAD 


24 LEAD 





28 LEAD 





JTWM 


2-9 










NOTES 



2-10 


UWM 




LT1001 


rpim. 

TECHNOLOGY Precision Operational 

Amplifier 


F€ffl(JR€S 


DCSCRIPTIOn 


■ Guaranteed Low Offset Voltage 

LT1001AM 15 nM max 

LT1001C 60 max 

■ Guaranteed Low Drift 

LT1001AM 0.6 m V/°C max 

LT1001C 1.0 M V/ o C max 

■ Guaranteed Low Bias Current 


LT1001AM 

2nA max 

LT1001C 

4nA max 

■ Guaranteed CMRR 


LT1001AM 

114dB min 

LT1001C 

IIOdB min 

■ Guaranteed PSRR 


LT1001AM 

IIOdB min 

LT 1 00 1 C 

106dB min 

■ Low Power Dissipation 

LT1001AM 

75mW max 

LT 1 00 1 C 

80mW max 

■ Low Noise 0.3/tVp.p 



nppucmions 

■ Thermocouple amplifiers 

■ Strain gauge amplifiers 

■ Low level signal processing 

■ High accuracy data acquisition 


The LT1001 significantly advances the state-of-the- 
art of precision operational amplifiers. In the design, 
processing, and testing of the device, particular atten- 
tion has been paid to the optimization of the entire dis- 
tribution of several key parameters. Consequently, the 
specifications of the lowest cost, commercial tempera- 
ture device, the LT1001C, have been dramatically im- 
proved when compared to equivalent grades of 
competing precision amplifiers. 

Essentially, the input offset voltage of all units is less 
than 50 juV (see distribution plot below). This allows 
the LT1001 AM/883 to be specified at 15^V. Input bias 
and offset currents, common-mode and power supply 
rejection of the LT1001C offer guaranteed perfor- 
mance which were previously attainable only with ex- 
pensive, selected grades of other devices. Power 
dissipation is nearly halved compared to the most 
popular precision op amps, without adversely affect- 
ing noise or speed performance. A beneficial by-prod- 
uct of lower dissipation is decreased warm-up drift. 
Output drive capability of the LT 1001 is also enhanced 
with voltage gain guaranteed at 10 mA of load current. 
For similar performance in a dual precision op amp, 
with guaranteed matching specifications, see the 
LT1002. Shown below is a platinum resistance ther- 
mometer application. 


Linearized Platinum Resistance Thermometer 
with ±0.025°C Accuracy Over 0 to 100°C 


1 MEG.* * 



* ULTRONIX 105AWIREWOUND 4 Trim sequence: trim offset (0°C= 1000.0ft), 

** 1% FILM trim linearity (35°C= 1138.7ft), trim gain 

t PLATINUM RTD (100°C = 1392.6ft). Repeat until a!! three 

1 1 8MF (ROSEMOUNT, INC.) points are fixed with ± .025°C, 


Typical Distribution 
of Offset Voltage 
V s = ± 15 V, T a = 25°C 
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LT1001 


absolute mnximum ratiags 

Supply Voltage ±22 V 

Differential Input Voltage ± 30V 

Input Voltage ±22V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1001AM/LT1001M -55°Cto150°C 

LT1001AC/LT1001C 0°Cto 125°C 

Storage: All Devices -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACK AG€ /ORD€R IRFORmATlOA 


TOP VIEW 

OFFSET 

ADJUST 

-IN ( 2 ) _£>— 

V- (CASE) 

H PACKAGE 

METAL CAN 

a v+ 

-<6) OUT 

^NC 

ORDER PART NUMBER 

LT1001AMH/883 

LT1001MH 

LT1001ACH 

LT1001CH 


TOP VIEW 



Vos 


Vos 


TRIM ! c 


□ 8 TRIM 

LT1001AMJ8/883 

-IN 2 C 


□ 7 V + 

LT1001MJ8 

+ IN 3 C 

L 

+ 

□ 6 OUT 

LT1001ACJ8 

V- 4 C 


□ 5 NC 

LT1001CJ8 


J8 PACKAGE 



| 8 PIN HERMETIC DIP 



N8 PACKAGE 


LT1001ACN8 

8 PIN PLASTIC DIP 

LT1001CN8 


€L€CTRICAL CHARACTERISTICS V s = ± 15V, T a = 25°C, unless otherwise noted 





LT1 001 AM/883 1 









LT1Q01AC 


LT1 001 M/LT1 001C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V os 

Input Offset Voltage 

Nntfi1 LT1001AM/883 


7 

15 


18 

60 

mV 


LT 1001 AC 


10 

25 


AVos 

A Time 

Long Term Input Offset Voltage 
Stability 

Notes 2 and 3 


0.2 

1.0 


0.3 

1.5 

AiV/month 

•os 

Input Offset Current 

■ 


0.3 

2.0 


0.4 

3.8 

nA 

l b 

Input Bias Current 



±0.5 

±2.0 


±0.7 

±4.0 

nA 

6n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 


0.3 

0.6 


0.3 

0.6 

mV p . p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 5) 


10.3 

18.0 


10.5 

18.0 

nVVHz 



f 0 = 1000Hz (Note 2) 


9.6 

11.0 


9.8 

11.0 

Avol 

Large Signal Voltage Gain 

R l > 2kfl, V 0 = ± 12V 

450 

800 


400 

800 


V/mV 



R l ^ Ikfi, V 0 = ± 10V 

300 

500 


250 

500 


CMRR 

Common Mode Rejection Ratio 

V CM = ±13V 

114 

126 


110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

Vs = ±3V to ± 18V 

110 

123 


106 

123 


dB 

Rin 

Input Resistance Differential Mode 

(Note 4) 

30 

100 


15 

80 


MQ 


Input Voltage Range 


±13 

±14 


±13 

±14 


V 

VoUT 

Maximum Output Voltage Swing 

R l ^ 2k 

±13 

±14 


±13 

±14 


V 



R l > 1k« 

±12 

±13.5 


±12 

±13.5 



Sr 

Slew Rate 

R l ^ 2kfi (Note 4) 

0.1 

0.25 


0.1 

0.25 


V/ M s 

GBW 

Gain-Bandwidth Product 

(Note 4) 

0.4 

0.8 


0.4 

0.8 


MHz 

Pd 

Power Dissipation 

No load 


46 

75 


48 

80 

mW 



No load, V s = ±3V 


4 

6 


4 

8 


See Notes on page 3. 
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LT1001 


ELECTRICAL CHARACTERISTICS V s = ± 15V, “55°C < T* ^ 125°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 001 AM/883 

MIN TYP MAX 

MIN 

LT1001M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 




30 

60 


45 

160 

mV 

AV 0S 

A Temp 

Average Offset Voltage Drift 




0.2 

0.6 


0.3 

1.0 

mV/°C 

los 

Input Offset Current 




0.8 

4.0 


1.2 

7.6 

nA 

Ib 

Input Bias Current 




±1.0 

±4.0 


±1.5 

±8.0 

nA 

Avol 

Large Signal Voltage Gain 

R l s* 2kO, V 0 = ± 10V 


300 

700 


200 

700 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V C m ~ ± 13V 


110 

122 


106 

120 

! 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3 to ± 18V 


104 

117 


100 

117 


dB 


Input Voltage Range 



±13 

±14 


±13 

±14 


V 

Voui 

Output Voltage Swing 

R l s* 2kft 


±12.5 

±13.5 


±12.0 

±13.5 


V 

Pd 

Power Dissipation 

No load 



55 

90 


60 

100 

mW 


V s = ± 15V, 0°C ^ Ta < 70°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1001AC 

TYP 

MAX 

MIN 

LT1001C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


20 

60 


30 

110 

mV 

AV 0 s 

Average Offset Voltage Drift 


• 


0.2 

0.6 


0.3 

1.0 

m v/°c 

A Temp 











los 

Input Offset Current 


• 


0.5 

3.5 


0.6 

5.3 

nA 

Ib 

Input Bias Current 


• 


±0.7 

±3.5 


±1.0 

±5.5 

nA 

Avol 

Large Signal Voltage Gain 

R L 5= 2kfi, V 0 = ± 10V 

• 

350 

750 


250 

750 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V C m ~ ± 13V 


110 

124 


106 

123 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 


106 

120 


103 

120 


dB 


Input Voltage Range 



±13 

±14 


±13 

±14 


V 

VoUT 

Output Voltage Swing 

R l > 2kn 


±12.5 

±13.8 


±12.5 

±13.8 


V 

Pd 

Power Dissipation 

No load 

• 


50 

85 


55 

90 

mW 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Offset voltage for the LT1001AM/883 and LT1001AC are 
measured after power is applied and the device is fully warmed up. 
All other grades are measured with high speed test equipment, 
approximately 1 second after power is applied. The LT 1001 AM/883 
receives 168 hr. burn-in at 125°C. or equivalent. 


Note 2: This parameter is tested on a sample basis only. 

Note 3: Long Term Input Offset Voltage Stability refers to the 
averaged trend line of V os versus Time over extended periods after 
the first 30 days of operation. Excluding the initial hour of operation, 
changes in V os during the first 30 days are typically 2.5 mV. 

Note 4: Parameter is guaranteed by design. 

Note 5: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 
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LT1001 


TYPICAL PCRFOMlMdCC CHARACTERISTICS 


Typical Distribution of Offset Offset Voltage Drift with Temperature 

Voltage Drift with Temperature of Representative Units Warm-Up Drift 



- 1.0 - 0.6 - 0.2 0 + 0.2 + 0.6 + 1.0 -50 -25 0 25 50 75 100 125 0 1 2 3 4 5 

OFFSET VOLTAGE DRIFT (/tW°C) TEMPERATURE (°G) TIME AFTER POWER ON (MINUTES) 


Long Term Stability of Four 

0.1Hz to 10Hz Noise Noise Spectrum Representative Units 



TIME (SECONDS) FREQUENCY (Hz) TIME (MONTHS) 


Input Bias and Offset Current 
vs Temperature 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Input Bias Current 

Over the Common Mode Range 



-15 -10 -5 0 5 10 15 


COMMON-MODE INPUT VOLTAGE 


Input Bias Current vs. 
Differential Input Voltage 



0.1 0.3 1.0 3.0 10 30 

± DIFFERENTIAL INPUT (VOLTS) 
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LT1001 


TYPICAL PCRFORfflRRCC CHRRRCTCRISTICS 


Open Loop Voltage Gain 
vs Temperature 


ipnnk 
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±15V,'vo = 

12V 

> 600k 



— 

-Vs = 

±3V,Vo= ± 

IV — 
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o 



ri 





2; 400k 
a! 

° 200k 








0 









-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Common Mode Limit 
vs Temperature 



50 -25 0 25 50 75 100 125 

TEMPERATURE °C 


Open Loop Voltage Gain 
Frequency Response 



0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common Mode Rejection Ratio 
vs Frequency 


140 



20 I 1 1 1 1 1 1 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Gain, Phase Shift vs. Frequency 



0.1 0 2 0.5 1 2 


FREQUENCY (MHz) 


Power Supply Rejection Ratio 
vs Frequency 



0 1 10 10 100 Ik 10k 100k 


FREQUENCY (Hz) 



Supply Current vs Supply Voltage 



±3 ±6 ±9 ±12 ±15 ±18 ±21 

SUPPLY VOLTAGE (V) 


Output Swing vs. Load Resistance 



100 300 1000 3k 10k 

LOAD RESISTANCE (<>) 


Output Short Circuit Current 
vs Time 



0 12 3 4 


TIME FROM OUTPUT SHORT (MINUTES) 
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LT1001 


typical PCRFORmnnce characteristics 


Small Signal Transient Response 



Av = + 1 , Cl = 50pF 


Large Signal Transient Response 



Voltage Follower Overshoot 
vs Capacitive Load 


1 

VS - ± 15V 

Ta - 25°C 


V|N = 
Rl > 

lOOmV 

50k 

/ 


y 

/ 




^ 




100 1000 10,000 100,000 
CAPACITIVE LOAD (PICOFARADS) 

Maximum Undistorted 



1 10 100 1000 
FREQUENCY (kHz) 


Small Signal Transient Response 



Av= + 1 , CL - lOOOpF 


Closed Loop Output Impedance 



RPPUCRTIORS IRFORRIRTIOR 

Application Notes and Test Circuits 

The LT1001 series units may be inserted directly into 
OP-07, 0P-05, 725, 108A or 101A sockets with or 
without removal of external frequency compensation 
or nulling components. The LT1001 can also be used 
in 741, LF156 or OP-15 applications provided that the 
nulling circuitry is removed. 

The LT1001 is specified over a wide range of power 
supply voltages from ±3V to ±18V. Operation with 
lower supplies is possible down to ± 1.2V (two Ni-Cad 
batteries). However, with ± 1.2V supplies, the device 
is stable only in closed loop gains of +2 or higher (or 
inverting gain of one or higher). 

Unless proper care is exercised, thermocouple effects 
caused by temperature gradients across dissimilar 


metals at the contacts to the input terminals, can ex- 
ceed the inherent drift of the amplifier. Air currents 
over device leads should be minimized, package leads 
should be short, and the two input leads should be as 
close together as possible and maintained at the same 
temperature. 

Test Circuit for Offset Voltage and its Drift with Temperature 

R1 
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LT1001 


Offset Voltage Adjustment 

The input offset voltage of the LT 1001, and its drift with tem- 
perature, are permanently trimmed at wafer test to a low level. 
However, if further adjustment of Vos is necessary, nulling with 
a 10k or 20k potentiometer will not degrade drift with tempera- 
ture. Trimming to a value other than zero creates a drift of (Vos/ 
300) mV/°C, e.a. if Vos is adjusted to 300 mV, the chanae in drift 
will be 1 juV/°C. The adjustment range with a 10k or 20k pot is 
approximately ± 2.5mv. If less adjustment range is needed, the 
sensitivity and resolution of the nulling can be improved by us- 
ing a smaller pot in conjunction with fixed resistors. The exam- 
ple below has an approximate null range of ± 100 mV. 


Improved Sensitivity Adjustment 



0.1Hz to 10Hz Noise Test Circuit 



(Peak to Peak noise measured in 10 Sec interval) 


The device under test should be warmed up for three minutes 
and shielded from air currents. 


DC Stabilized 
1000v/Msec Op Amp 



XTuaa* 
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LT1001 




Precision Current Source Precision Current Sink 



Strain Gauge Signal Conditioner with Bridge Excitation 

+ 15V + 15V 
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LT1001 


Large Signal Voltage Follower 
With 0.001% Worst-Case Accuracy 



The voltage follower is an ideal example illustrating 
the overall excellence of the LT 1001. The contributing 
error terms are due to offset voltage, input bias cur- 
rent, voltage gain, common-mode and power-supply 


rejections. Worst-case summation of guaranteed 
specifications is tabulated below. 


OUTPUT ACCURACY 



LT1001 AM 
/883 

LT1001C 

LT1 001AM 
/883 

LT1001C 


25°C 

25°C 

— 55 to 125°C 

0 to 70°C 

Error 

Max. 

Max. 

Max. 

Max. 

Offset Voltage 

15 m V 

60fiV 

60/uV 

110 M V 

Bias Current 

20 M V 

40 m V 

40/uV 

55 M V 

Common-Mode Rejection 

20^V 

30 m V 

30 m V 

50 m V 

Power Supply Rejection 

18 m V 

30 m V 

36 M V 

42 M V 

Voltage Gain 

22 m V 

25/uV 

33^V 

40 m V 

Worst-case Sum 

Percent of Full Scale 

95 m V 

185 M V 

199mV 

297 m V 

T 

ro 

o 

< 

0.0005% 

0.0009% 

0.0010% 

0.0015% 


Thermally Controlled Nlcad Charger 



Precision Absolute Value Circuit 

10k 10k 10k 
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Precision Power Supply with Two Outputs 


(1) 0 to 10V in 100 M V STEPS 

(2) 0 to 100V inlmV STEPS 

22k* 



Dead Zone Generator 

BIPOLAR SYMMETRY IS EXCELLENT BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS 
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LT1001 



PflCKAGC DCSCMPTIOn 

H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 
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/TLintAB 

TECHNOLOGY 


Precision Operational 
Amplifier 


F€ATUR€S 


DcscniPTion 


■ Guaranteed Low Offset Voltage 60/tV Max. 

■ Guaranteed Low Drift 1.0^V/°C Max. 

■ Guaranteed Low Bias Current 4nA Max. 

■ Guaranteed CMRR IIOdB Min. 

■ Guaranteed PSRR 106dB Min. 

■ Low Power Dissipation 80mW Max. 

■ Low Noise 0.3/xVp-p 


APPUCATIOflS 

■ Thermocouple Amplifiers 

■ Strain Gauge Amplifiers 

■ Low Level Signal Processing 

■ High Accuracy Data Acquisition 


The LT1001 significantly advances the state-of-the-art of 
precision operational amplifiers. In the design, proces- 
sing, and testing of the device, particular attention has 
been paid to the optimization of the entire distribution of 
several key parameters. Consequently, the specifications 
of the lowest cost, commercial temperature device, the 
LT1001C, have been dramatically improved when 
compared to equivalent grades of competing precision 
amplifiers. 

Essentially, the input offset voltage of all units is less than 
50;iV (see distribution plot below). Input bias and offset 
currents, common-mode and power supply rejection of the 
LT1001C offer guaranteed performance which were previ- 
ously attainable only with expensive, selected grades of 
other devices. Power dissipation is nearly halved com- 
pared to the most popular precision op amps, without ad- 
versely affecting noise or speed performance. A beneficial 
by-product of lower dissipation is decreased warm-up 
drift. Output drive capability of the LI 001 is also enhanced 
with voltage gain guaranteed at 10mA of load current. 


Linearized Platinum Resistance Thermometer 
with ±0.025°C Accuracy Over 0 to 100°C 


1 MEG.** 



Typical Distribution 
of Offset Voltage 
V s = ± 15V, T a = 25°C 


954 UNITS 
FROM THREE RUNS 



-60 -40 -20 0 20 40 60 

INPUT OFFSET VOLTAGE (MICROVOLTS) 


rrunm 
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LT1001CS8 


absolute maximum aatiags package/order iaforitiatioa 


Supply Voltage ±22V 

Differential Input Voltage ± 30V 

Input Voltage ±22 V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


Vos TRIM [I 

-IN [7 
+ IN [T 
V' [7 


m V os TRIM 




T] OUT 
T] NC 


S8 PACKAGE 
PLASTIC SO 


ORDER 

PART NUMBER 


LT1001CS8 


PART MARKING 


1001 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Ta <25°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1001C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



18 

60 

*V 

AVos 

Long Term Input Offset Voltage 

Note 1 and Note 2 


0.3 

1.5 

jtV/month 

ATime 

Stability 






•os 

Input Offset Current 



0.4 

3.8 

nA 

•b 

Input Bias Current 



±0.7 

±4.0 

nA 

e„ 

Input Noise Voltage 

0.1 Hz to 10Hz (Notel) 


0.3 

0.6 

/tVp-p 

e n 

Input Noise Voltage Density 

f o =10Hz (Notel) 


10.5 

18.0 

nV/VRz 



f o =1000Hz (Notel) 


9.8 

11.0 


a vol 

Large Signal Voltage Gain 

R|_>2kQ, V 0 = ± 12V 

400 

800 


V/mV 



R L >1kO, V 0 = ±10V 

250 

500 


V/mV 

CMRR, 

Common-Mode Rejection Ratio 

V cm = ± 13V 

110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3Vto ± 18V 

106 

123 


dB 

Pin 

Input Resistance Differential Mode 


15 

80 


MO 


Input Voltage Range 


±13 

±14 


V 

V 0UT 

Maximum Output Voltage Swing 

R L >2kfi 

±13 

±14 


V 



R|_>1kQ 

±12 

±13.5 


V 

Sr 

Slew Rate 

R L >2kfl(Note3) 

0.1 

0.25 


Vln s 

GBW 

Gain-Bandwidth Product 

(Note 3) 

0.4 

0.8 

! 

MHz 

Pd 

Power Dissipation 

No Load 


48 

80 

mW 



NoLoad, V s = ±3V 


4 

8 

mW 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, 0°C <Ta <70°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1001C 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 


• 

30 110 

aV 

AV 0 s 

ATemp 

Average Offset Voltage Drift 


• 

0.3 1.0 

mV/ 0 c 

•os 

Input Offset Current 


• 

0.6 5.3 

nA 

•b 

Input Bias Current 


• 

±1.0 ±5.5 

nA 

Avol 

Large Signal Voltage Gain 

R L >2kO,V 0 = ± 10V 

• 

250 750 

V/mV 

CMRR 

Common-Mode Rejection Ratio 

V cm =±13V 

• 

106 123 

dB 

PSRR 

Power Supply Rejection Ratio 

V$= ±3Vto ± 18V 

• 

103 120 

dB 


Input Voltage Range 


• 

±13 ±14 

V 

VOUT 

Output Voltage Swing 

R L >2kfl 

• 

±12.5 ±13.8 

V 

Pd 

Power Dissipation 

No Load 

T 1 

55 90 

mW 


The • denotes the specifications which apply over the full operating tem- operation, Excluding the initial hour of operation, changes in Vqs during the 
perature range. first 30 days are typically 2.5/tV. 

Notel: This parameter is tested on a sample basis only. Note 3: Parameter is guaranteed by design. 

Note 2: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of Vqs versus Time over extended periods after the first 30 days of 
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LT1002 


rrmm 

TECHNOLOGY Dual, Matched Precision 

Operational Amplifier 


F€flTUR€S 


DCSCRIPTIOn 


■ Guaranteed low offset voltage 

LT1002A 60 m V max 

LT 1002 100/uV max 

■ Guaranteed offset voltage match 

LT1002A 4(VV max 

LT1002 80/tV max 

■ Guaranteed low drift 

LT1002A 0.9 m V/°C max 

LT1002 1.3/tV/°C max 

■ Guaranteed CMRR 

LT1002A IIOdBmin 

LT 1002 IIOdBmin 

■ Guaranteed channel separation 

LT1002A 132dB min 

LT 1002 130dB min 

■ Guaranteed matching characteristics 

■ Low noise 0.35 n\l p-p 

RPPUCRTIORS 

■ Thermocouple Amplifiers 

■ Strain Gauge Amplifiers 

■ Low level signal processing 

■ Medical instrumentation 

■ Precision dual limit threshold detection 

■ Instrumentation amplifiers 


The LT1002 dual, matched precision operational amplifiers 
combine excellent individual amplifier performance with tight 
matching and temperature tracking between amplifiers. 


In the design, processing, and testing of the device, particular 
attention has been paid to the optimization of the entire distri- 
bution of several key parameters and their matching. Conse- 
quently, the specifications of even the low cost commercial 
grade (the LT1002C) have been spectacularly improved com- 
pared to presently available devices. 


Essentially, the input offset voltage of all units is less than 
80 mV, and matching between amplifiers is consistently better 
than 60 m V (see distribution plot below). Input bias and offset 
currents, channel separation, common mode and power supply 
rejections of the LT 1002C are all specified at levels which were 
previously attainable only on very expensive, selected grades of 
other dual devices. Power dissipation is nearly halved com- 
pared to the most popular precision duals, without adversely 
affecting noise or speed performance. A by-product of lower 
dissipation is decreased warm-up drift. For even better perfor- 
mance in a single precision op amp, refer to the LT1001 data 
sheet. A bridge signal conditioning application is shown below. 
This circuit illustrates the requirement for both excellent 
matching and individual amplifier specifications. 



Strain Gauge Signal Conditioner With Bridge Excitation 


+ 15V + 15V 



Distribution of Offset Voltage Match 


70 
60 
50 
40 
30 
20 
10 
0 

-100-80-60-40-20 0 20 40 60 80 100 
INPUT OFFSET VOLTAGE MATCH („V) 







Vs = ± 15V 
Ta r 25 °C 
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LT1002 


absolute mnximum ratiogs 


PRCKRGC /ORD€R mFORfTlflTIOn 


Supply Voltage (Note 6) ± 22V 

Differential Input Voltage ± 30V 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT 1002AM/LT 1002M -55°Cto125°C 

LT 1002AC/LT 1002C 0°Cto70°C 

Storage Temperature Range 

All Grades -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


ORDER 
PART NO. 

OFFSET 
VOLTAGE 
MAX 
at 25°C 

LT1002AMJ 

LT1002MJ 

LT 1002ACJ 
LT1002CJ 
LT1002ACN 
LT1002CN 

o o o o o o 

CD O CD O CO O 


NULL (A) 1 □ 
NULL (A) 2 q 
-IN (A) 3 
+IN (A) 4 
V- (B) 5 C 
OUT (B) 6 C 
V+ (B) 7 C 


TOP VIEW 




14 V+ (A) 

□ 13 OUT (A) 

□ 12 V- (A) 

□ 11 +IN(B) 
D 10 —IN (B) 

□ 9 NULL (B) 

□ 8 NULL (B) 


J PACKAGE 
14 PIN HERMETIC 


N PACKAGE 
14 PIN PLASTIC 


NOTE: Device may be operated even if insertion 
is reversed; this is due to inherent symmetry of 
pm locations of amplifiers A and B. (Note 6) 


CLCCTRICRL CHRRRCT€RISTICS, IRDIVIDURL RfflPUFICRS 


V s = ± 15V, T a = 25°C, unless otherwise noted 





LT1 002AM/LT1 002AC 1 

LT1 002M/LT1 002C 1 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Note 1 


20 

60 


25 

100 

mV 

AV 0S 

A Time 

Long Term Input Offset Voltage 
Stability 

Notes 2 and 3 


0.3 

1.5 


0.4 

2.0 

yuV/month 

tos 

Input Offset Current 



0.3 

2.8 


0.4 

4.2 

nA 

•b 

Input Bias Current 



±0.6 

±3.0 


±0.7 

±4.5 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 


0.35 

0.7 


0.38 

0.75 

mV p . p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 5) 


10.3 

20.0 


10.5 

20.0 




f 0 = 1000Hz (Note 2) 


9.6 

11.5 


9.8 

12.0 

nvVHz 

Avol 

Large Signal Voltage Gain 

R l > 2kft, V 0 = ± 12V 

400 

800 


350 

800 


V/mV 



R l s* Ikfi, V 0 - ± 10V 

250 

500 


220 

500 


CMRR 

Common Mode Rejection Ratio 

V CM = ± 13V 

110 

126 


110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 

108 

123 


105 

123 


dB 

Rin 

Input Resistance Differential Mode 

Note 4 

20 

100 


13 

80 


MQ 


Input Voltage Range 


±13 

±14 


±13 

±14 


V 

VOUT 

Maximum Output Voltage Swing 

R l s* 2kfi 

±13 

±14 


±13 

±14 


V 



R l ^ IkQ 

±12 

±13.5 


±12 

±13.5 

i 


SR 

Slew Rate 

Rl > 2kfi (Note 4) 

0.1 

0.25 


0.1 

0.25 


V/mS 

6BW 

Gain Bandwidth Product 

Note 4 

0.4 

0.8 


0.4 

0.8 


MHz 

Pd 

Power Dissipation 

No load 


46 

75 


48 

85 

mW 


per amplifier 

No load, V s = ±3V 


4 

7 


4 

8 
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€l€CTRICRL CHRRRCTCRISTICS, IRDIVIDURL RRIPUFICRS 


V s = ± 15V, — 55°C ^ T* ^ 125°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1 002AM 

TYP MAX 

MIN 

LT1002M 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Note 1 

• 


30 

150 


45 

230 

mV 

AVos 

A Temp 

Average Input Offset Voltage Drift 


• 


0.2 

0.9 


0.3 

1.3 

M v/°c 

•os 

Input Offset Current 


• 


0.8 

5.6 


1.2 

8.5 

nA 

Ib 

Input Bias Current 


• 


±1.0 

±6.0 


±1.5 

±9.0 

nA 

Avol 

Large Signal Voltage Gain 

R l > 2kS2, V 0 = ± 10V 

• 

300 

700 


200 

700 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V C m = ± 13V 

• 

106 

122 


104 

120 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 

• 

102 

117 


96 

117 

i 

dB 


Input Voltage Range 



±13 

±14 


±13 

±14 

i 

V 

Vout 

Output Voltage Swing 

R L > 2kfi 

• 

±12.5 

±13.5 


±12.0 

±13.5 


V 

Pd 

Power Dissipation 
per amplifier 

No load 

• 


55 

90 


60 

100 

mW 


V s = ± 15V, 0°C ^ T A ^ 70°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1002AC 

TYP 

MAX 

MIN 

LT1002C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

Note 1 



20 

100 


30 

160 

mV 

AVos 

A Temp 

Average Input Offset Voltage Drift 


• 


0.2 

0.9 


0.3 

1.3 

m V/°C 

•os 

Input Offset Current 


• 


0.5 

4.2 


0.6 

5.7 

nA 

•b 

Input Bias Current 


• 


±0.7 

±4.5 


±1.0 

±6.0 

nA 

Avol 

Large Signal Voltage Gain 

R l s* 2kfi, V 0 = ± 10V 

• 

350 

750 


250 

750 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 13V 


108 

124 


106 

123 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 


105 

120 


100 

120 


dB 


Input Voltage Range 


• 

±13 

±14 


±13 

±14 


V 

Vout 

Output Voltage Swing 

R l 2> 2kfl 


±12.5 

±13.8 


±12.5 

±13.8 

| 

V 

Pd 

Power Dissipation 
per amplifier 

No load 

• 


50 

85 


55 

90 

mW 


The • denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Offset voltage measured with high speed test equipment, 
approximately 1 second after power is applied. 

Note 2: This parameter is tested on a sample basis only. 

Note 3: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of Vq S versus Time over extended periods after the first 30 
days of operation. Excluding the initial hour of operation, changes in 
V os during the first 30 operating days are typically 2.5 fAJ. 


Note 4: Parameter is guaranteed by design. 

Note 5: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 

Note 6: The V+ supply terminals are completely independent and may 
be powered by separate supplies if desired (this approach, however, 
would sacrifice the advantages of the power supply rejection ratio 
matching). The V- supply terminals are both connected to the 
common substrate and must be tied to the same voltage. Both V- pins 
should be used. 


XTIU85B 
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LT 1 002 


mmcHinG characteristics at V s = ± 15V, T A = 25°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

1 

MIN 

LT1002AM/AC 

TYP MAX 

MIN 

LT1002M/C 

TYP MAX 

UNITS 


Input Offset Voltage Match 


_ 

15 

40 

_ 

25 

80 

mV 

Ib + 

Average Non-Inverting Bias 

Current 




±0.6 

±3.5 



±0.7 

±4.8 

nA 

•os + 

Non-Inverting Offset Current 


- 

0.6 

3.5 

- 

0.7 

6.0 

nA 

•os - 

Inverting Offset Current 


- 

0.6 

3.5 

- 

0.7 

6.0 

nA 

ACMRR 

Common Mode Rejection Ratio 
Match 

V C M= ± 13V 

110 

132 

_ 

108 

132 

_ 

dB 

apsrr 

Power Supply Rejection Ratio 

Match 

V s = ±3V to ± 18V 

108 

130 



102 

128 

_ 

dB 


Channel Separation 

f < 10Hz (Note 4) 

132 

148 

- 

130 

146 

- 

dB 


mOTCHiriG characteristics at V s = ± 15V, — 55°C ^ T* ^ 125°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT 1002AM 
TYP 

MAX 

MIN 

LT1002M 

TYP 

MAX 

UNITS 


Input Offset Voltage Match 


• 

_ 

50 

140 

_ 

60 

230 

mV 


Input Offset Voltage Tracking 


• 

- 

0.3 

1.0 

- 

0.4 

1.5 

mV/°C 

Ib + 

Average Non-Inverting Bias 

Current 


• 



±1.5 

±6.0 

_ 

±1.8 

±10.0 

nA 

los + 

Non-Inverting Offset Current 


• 

- 

1.5 

6.5 

- 

1.8 

12.0 

nA 

*os — 

Inverting Offset Current 

i 

_• 

- 

1.5 

6.5 

— 

1.8 

12.0 

nA 

ACMRR 

Common Mode Rejection Ratio 
Match 

V CM = ± 13V 


106 

126 

_ 

102 

124 

_ 

dB 

APSRR 

Power Supply Rejection Ratio 

Match 

V s = ±3V to ± 18V 


102 

122 

_ 

94 

120 



dB 


mrrrcHinG characteristics at Vs = ± 15V. 0°C ^ Ta ^ 70°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1002AC 

TYP 

MAX 

MIN 

LT1002C 

TYP 

MAX 

UNITS 


Input Offset Voltage Match 



_ 

30 

85 

— 

45 

150 

mV 


Input Offset Voltage Tracking 



- 

0.3 

1.0 

- 

0.4 

1.5 

mV/ 0 C 

Ib + 

Average Non-Inverting Bias 

Current 





±1.0 

±4.5 



±1.2 

±7.0 

nA 

los + 

Non-Inverting Offset Current 



- 

1.0 

5.0 

- 

1.2 

8.5 

nA 

•os - 

Inverting Offset Current 



- 

1.0 

5.0 

- 

1.2 

8.5 

nA 

ACMRR 

Common Mode Rejection Ratio 
Match 

V CM = ± 13V 


108 

130 



105 

128 



dB 

APSRR 

Power Supply Rejection Ratio 

Match 

V s = ± 3V to ± 18V 


105 

126 



98 

124 

_ 

dB 
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TVPICfll P€RFORfnnnC€ CHRRnCT€RISTICS 


Matching and Individual Amplifier Input Bias Current 

Bias and Offset Currents vs Temperature Over the Common Mode Range 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 







- 




DEV 

ICE WIT 

H POSIT 

IVE INPUT CURRENT 

1 | 

1 | 




Vs = i 15V 

T A - 25°C 

- 

. 


j | 

DEVI 

CE WITH 

NEGAT 

VE INPUT CURRENT 

COMMON-MODE oow 

INPUT RESISTANCE = - 280GS2 

0 1 nA 


15-10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE 


Input Bias Current vs. 
Differential Input Voltage 



0 1 0.3 1 0 3.0 10 30 


± DIFFERENTIAL INPUT (VOLTS) 


Open Loop Voltage Gain 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Open Loop Voltage Gain 
Frequency Response 



011 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Gain, Phase Shift vs. Frequency 



Open Loop Gain Mismatch 
vs Frequency 



1 10 100 Ik 10k 100k 


Closed Loop Output Impedance 



1 10 100 Ik 10k 100k 


Power Supply Rejection and 
PSRR Match vs Frequency 



0.1 1 10 100 Ik 10k 100k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


2-30 


XTUEK® 














XTUM 


2-31 













LT 1 002 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Output Swing vs. Load Resistance 



100 300 1000 3k 10k 

LOAD RESISTANCE (n) 


Output Short Circuit Current 
vs Time 



TIME FROM OUTPUT SHORT (MINUTES) 


Rppiicflfnons inFORmnrion 

The LT1002 dual amplifier may be inserted directly 
into OP-10, 0P207, 0P227 sockets with or without re- 
moval of external nulling potentiometers. 


Offset Voltage Adjustment The input offset voltage of the 
LT1002, and its drift with temperature, are permanent- 
ly trimmed at wafer testing to a low level. However, if 
further adjustment of V 0 s is necessary, nulling with a 
10k or 20k potentiometer will not degrade drift with 
temperature. Trimming to a value other than zero cre- 
ates a drift of (V 0 s/300) /uV/°C, e.g. if V 0 s is adjusted 
to 300/tV, the change in drift will be VV/°C. The ad- 
justment range with a 10k or 20k pot is approximately 
±2.5mV. If less adjustment range is needed, the sen- 
sitivity and resolution of the nulling can be improved 
by using a smaller pot in conjunction with fixed resis- 
tors. The example has an approximate null range of 
± 100/tV. 

In matching applications, both amplifiers can be 
trimmed to zero, or the offset of one amplifier can be 
trimmed to match the offset of the other. Offset adjust- 
ment, however, slightly degrades the gain, common- 
mode and power-supply rejection match between the 


two op amps. Fortunately, the guaranteed offset volt- 
age match of the LT 1002 is very low, in most applica- 
tions offset adjustment will be unnecessary. 


Standard Adjustment 



Improved Sensitivity Adjustment 
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Test Circuit for Offset Voltage and its Drift with Temperature 

R1 

•50k 



This circuit is also used as the burn-in configuration for 
the LT 1 002 , with supply voltages increased to ±20V, 
R1=R3 = 20k, R2 = 2000, Ay = 100. 

Unless proper care is exercised, thermocouple effects, 
caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals, can ex- 
ceed the inherent drift of the amplifier. Air currents 
should be minimized, package leads should be short, 
the two input leads should be as close together as pos- 
sible and maintained at the same temperature. 


Channel Separation 

This parameter is defined as the ratio of the change in 
input offset voltage of one amplifier to the change in 
output voltage of the other amplifier causing the offset 
change. 

At low frequencies the LT 1002’s channel separation is 
an almost unmeasurable 148dB. As frequency in- 
creases, pin to pin capacitance of the package, be- 
tween the output of one amplifier and the inputs of the 
other, becomes dominant. Since these pins are non- 
adjacent, the capacitance is only 0.02pF. To maintain 
the LT1002’s excellent channel separation at higher 
frequencies, the socket and PC board capacitances 
should be minimized. 


0.1Hz to 10Hz Noise Test Circuit 


The device under test should be warmed up for three 
minutes and shielded from air currents. Turn the de- 
vice 180° to measure the noise of side B. 



(Peak to Peak noise measured in 10 Sec interval) 


Power supplies 

The LT1002 is specified over a wide range of power 
supply voltages from ±3V to ± 18V. Operation with 
lower supplies is possible, down to ± 1.2V (two Ni- 
Cad batteries). However, with ± 1.2V supplies, the de- 
vice is stable only in closed loop gains of +2 or higher 
(or inverting gain of one or higher). 

The V -l- supply terminals are completely independent 
and may be powered by separate supplies if desired 
(this approach, however, would sacrifice the advan- 
tages of the power supply rejection ratio matching). 
The V- supply terminals are both connected to the 
common substrate and must be tied to the same volt- 
age. Both V— pins should be used. 
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Advantages of Matched Dual Op Amps In many applica- 
tions the performance of a system depends on the 
matching between two operational amplifiers rather 
than the individual characteristics of the two op amps. 
Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters 
are some of the circuits requiring matching between 
two op amps. 

The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of the 
LT1002. This error cancellation principle holds for a 
considerable number of input referred parameters in 
addition to offset voltage and its drift with tempera- 
ture. Input bias current will be the average of the two 
non-inverting input currents (l B + ). The difference be- 
tween these two currents (l os 4 ') is the offset current of 
the instrumentation amplifier. The difference between 
the inverting input currents (l 0 s — ) will cause errors 
flowing through R1, R2, and R3. Common-mode and 
power supply rejections will be dependent only on the 
match between the two amplifiers (assuming perfect 
resistor matching). 

The concepts of common mode and power supply re- 
jection ratio match (ACMRR and APSRR) are best 
demonstrated with a numerical example: 

Assume CMRRa = -M.OjtV/Vor 120dB, 
and CMRRb = +0.75 M V/Vor 122.5dB, 
then ACMRR = 0.25n\ll\lor 132dB; 
if CMRRb = -0.75 M V/V which is still 122.5dB, 
then ACMRR = 1.75/tV/Vor 115dB. 

Clearly, the LT1002, by specifying and guaranteeing 
all of these matching parameters, can significantly 
improve the performance of matching dependent 
circuits. 


Three Op Amp Instrumentation Amplifier 



Trim R8 for gain 

Trim R9 for DC common mode rejection 
Trim RIO for AC common mode rejection 


Typical performance of the instrumentation amplifer: 

Input offset voltage = 25/uV 

Input bias current = 0.7nA 

Input resistance = 200 Gfi 

Input offset current = 0.6nA 

Input noise = 0.5 p-p 

Power bandwidth (V 0 = ± 10V) = 80kHz 
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Precision ± 10V Reference 



The LT1002 contributes less than 5% of the total drift erence. The accuracy of the - 10V output is limited by 

with temperature, noise and long term drift of the ref- the matching of the two 10k resistors. 


Dual Limit Microvolt Comparator 


+ 15V 



When the upper or lower limit is exceeded the LED 
lights up. Positive feedback to one of the nulling termi- 
nals creates 5 to 20^V of hysteresis on both amplifi- 
ers. This feedback changes the offset voltage of the 


LT1002 by less than 5nM. Therefore, the basic accura- 
cy of the comparator is limited only by the low offset 
voltage of the LT 1002. 


XTUK® 
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Two Op Amp Instrumentation Amplifier 

R5 



* TRIM FOR COMMON-MODE REJECTION 
+ TRIM FOR GAIN 


_ . R4 , 1 / R2 R3 
Gain “m i+ t(tt + ir 


R2 + R3 -] 
R5 _ 


Precision Amplifier Drives 5001) Load to ± 10V 

I.IRf +0.1Rs 



This application utilizes the guaranteed 10mA load 
driving capability of the LT1002. The offset voltage of 
amplifier A is the offset of the configuration. Amplifier 
B provides the additional 10mA load current. When 
load resistor R L is removed, amplifier A sinks this cur- 
rent without affecting accuracy. In the gain of 1000 
configuration shown, approximately 0.3% gain accu- 
racy can be realized. 
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Dead Zone Generator 



Precision Absolute Value Circuit 


10k 10k 10k 



0 . 1 % 


XTIXM 
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mCKAGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

14-Lead Cavity DIP (J) 
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Precision, Single Supply 
Op Amp 


DCSCRIPTIOR 


Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
Guaranteed Off set Voltage 50fiVMax. 

Guaranteed Low Drift 1 .3/iV/°C Max. 

Guaranteed Offset Current 0.5nA Max. 

Guaranteed High Gain 

5mA Load Current 1.5 Million Min. 

17mA Load Current 0.8 Million Min. 

Guaranteed Low Supply Current 520/tA Max. 

Supply Current can be Reduced by a Factor of 4 
Low Voltage Noise, 0.1 Hz to 10Hz 0.55/iVp-p 

Low Current Noise- 

Better than OP-07 0.07pA/Vfizat 10Hz 

High Input Impedance 250MO Min. 

Guaranteed Minimum Supply Voltage 2.7V Min. 


APPUCATIOnS 


The LT1006 is the first precision single supply operational 
amplifier. Its design has been optimized for single supply 
operation with a full set of specifications at 5V. Specifica- 
tions at ± 15V are also provided. 

The LT1006 has low offset voltage of 20/iV, drift of 
0.2(iV/°C, offset current of 120pA, gain of 2.5 million, com- 
mon-mode rejection of 114dB, and power supply rejection 
of 126dB. 

Although supply current is only 340 /jA, a novel output stage 
can source or sink in excess of 20mA while retaining high 
voltage gain. Common-mode input range includes ground to 
accommodate low ground-referenced inputs from strain 
gauges or thermocouples, and output can swing to within a 
few millivolts of ground. If higher slew rate (in excess of 
IV/^s) or micropower operation (supply current down to 
90/tA) is required, the operating currents can be modified by 
connecting an external optional resistor to Pin 8. 


■ Low Power Sample and Hold Circuits 

■ Battery Powered Precision Instrumentation 

Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 

■ 4mA-20mA Current Loop Transmitters 

■ Active Filters 


For similar single supply precision dual and quad op amps, 
please see the LT1013/LT1014 data sheet. For micropower 
dual and quad op amps, please see the LT1078/LT1079 data 
sheet. 


LT1006 Single Supply, Micropower Sample and Hold 


+9V 



Distribution of Input Offset Voltage 




i — i — i — 
V S = 5V,0V 

— 






T A =25°C 

35D 1 TIODfis TFRTFD 





FROM TWO RUNS 





\ 

AIMU 



l\l Y 


btb 






m 










m 




a 

HI 

■ 



■ 

r 

1 

| 

li 

m 

n 




■ 

ii 

gg 

(1 HtX 


81 

1 




w 

!1 


B 




l 



is 

■: 

n 

m 

IS 

■ 

m 

o 



-80 -40 0 40 80 

INPUT OFFSET VOLTAGE (#iV) 



u\im 


2-41 




LT1006 


absolute maximum ratiags 

Supply Voltage ± 22V 

Input Voltage Equal to Positive Supply Voltage 

5V Below Negative Supply Voltage 

Differential Input Voltage 30V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1006AM, M -55°Cto125°C 

LT1006AC, C 0°Cto 70°C 

Storage Temperature Range 

All Devices -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAG€/ORD€R IRFORfflRTlOA 



TOP VIEW 
IsySET 
(NOTE 2) 


ORDER PART 
NUMBER 

TRIM V + 

- IN ” ^>— m OUT 

n-' (NOTE 4) 

(CASE) 

H8 PACKAGE TO-5 METAL CAN 

LT1006AMH 

LT1006MH 

LT1006ACH 

LT1006CH 


TOP VIEW 


LT1006AMJ8 

LT1006MJ8 

LT1006ACJ8 

LT1006CJ8 

LT1006CN8 

Vosrr 
TRIM LI 

-IN [T 

+ IN[3 

V-[ 4 

i> «. 

"ft! lsY 
llSET 

7]v+ 

I]OUT 

J| v OS 

■—•TRIM (NOTE 4) 

J8 PACKAGE N8 PACKAGE 

HERMETIC DIP PLASTIC DIP 


ELECTRICAL CHARACTERISTICS Vs = 5V, Vcm = 0V, Vqut = 1 -4V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1006AM/AC 

TYP 

MAX 

MIN 

LT1006M/C 

TYP 

MAX 

UNITS 

V OS 

Input Offset Voltage 



20 

50 


30 

80 

/iV 

AVqs 

Long Term Input Offset 



0.4 



0.5 


mV/Mo 

ATime 

Voltage Stability 









•os 

Input Offset Current 



0.12 

0.5 

. 

0.15 

0.9 

nA 

•b 

Input Bias Current 



9 

15 


10 

25 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz 

0.55 | 

0.55 | 

7*V p-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


23 

32 


23 

32 

nV/VHz 



f 0 = 1000Hz (Note 3) 


22 

25 


22 

25 

nV/VHz 

•n 

Input Noise Current Density 

f 0 = 10Hz 

°.° 7 

0.08 | 

pA/Vflz 


Input Resistance 

(Note 1) 









Differential Mode 


180 

400 


100 

300 


m 


Common-Mode 



5 



4 


GQ 


Input Voltage Range 


3.5 

3.8 


3.5 

3.8 


V 




0 

-0.3 


0 

-0.3 


V 

CMRR 

Common-Mode Rejection 

Vq M = 0V to 3.5V 

100 

114 


97 

112 


dB 


Ratio 









PSRR 

Power Supply Rejection 

V s = ±2Vto ±18V, V o = 0V 

106 

126 


103 

124 


dB 


Ratio 









a vol 

Large Signal Voltage Gain 

V 0 = 0.03V to 4V, R L = 10k 

1.0 

2.5 


0.7 

2.0 


V//tV 



V 0 = 0.03V to 3.5V, R L = 2k 

0.5 

2.0 


0.3 

1.8 


%v 


Maximum Output Voltage 

Output Low, No Load 


15 

25 


15 

25 

mV 


Swing 

Output Low, 600G toGND 


5 

10 


5 

10 

mV 



Output Low, lsiNK = 1mA 


220 

350 


220 

350 

mV 



Output High, No Load 

4.0 

4.4 


4.0 

4.4 


V 



Output High, 6000 toGND 

3.4 

4.0 


3.4 

4.0 


V 

SR 

Slew Rate 


0.25 

0.4 


0.25 

0.4 


Min s 

•s 

Supply Current 

Rset= 00 


340 

520 


350 

570 

/*A 



Rset = 180k Pin 8 to Pin 7 


90 



90 


,iA 



(Note 2) 









Minimum Supply Voltage 

i 

1 2.7 

1 2.7 

V 
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ELECTRICAL CHAR ACTE RISTICS 

Vs = 5V, OV, Vcm = 0.1V, Vo = 1.4V, - 5S°C <T A < 125°C, unless otherwise noted. 






LT1006AM 


LT1006M 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


40 

180 


60 

250 

fV 

AVos 

Input Offset Voltage Drift 


• 


0.2 

1.3 


0.3 

1.8 

M V/° C 

ATemp 











■os 

Input Offset Current 


• 


0.4 

2.0 


0.5 

4.0 

nA 

■b 

Input Bias Current 


• 


13 

25 


16 

40 

nA 

a vol 

Large Signal Voltage Gain 

V 0 = 0.05V to 3.5V, R L =2k 

• 

0.25 

0.8 


0.15 

0.7 


V/*V 

CMRR 

Common-Mode Rejection 

Ratio 

V CM =0.1Vto3.2V 

• 

90 

103 


87 

102 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = ± 2V to ± 18V, V 0 = 0V 

• 

100 

117 


97 

116 


dB 


Maximum Output Voltage 

Output Low, 6000 to GND 

• 


6 

15 


6 

18 

mV 


Swing 

Output High, 6000 to GND 

• 

3.2 

3.8 


3.1 

3.8 


V 

Is 

Supply Current 


• 


380 

630 


400 

680 

d A 


ELECTRICAL CHARACTERISTICS 

Vs = SV, 0V, Vcm ■ OV, Vq = 1 .4V, 0°C <Ta < 70°C, unless otherwise noted. 






LT1006AC 


LT1006C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V 0 s 

Input Offset Voltage 


• 


30 

110 


45 

160 

eV 



LT1006N8 

• 





50 

190 

«v 

AVqs 

Input Offset Voltage Drift 


• 


0.2 

1.3 


0.3 

1.8 

ILW C 

ATemp 


LT1006N8 

• 





0.5 

2.5 

/iV/°C 

■os 

Input Offset Current 


• 


0.25 

1.2 


0.3 

2.5 

nA 

■b 

input Bias Current 


• 


11 

20 


12 

30 

nA 

Avol 

Large Signal Voltage Gain 

V 0 = 0.04V to 3.5V, R L = 2k 

• 

0.35 

1.3 


0.25 

1.2 


V//iV 

CMRR 

Common-Mode Rejection 

Ratio 

V CM =0V to 3.4V 

• 

96 

109 


92 

108 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = ±2Vto ±18V, V o = 0V 

• 

101 

120 


97 

118 


dB 


Maximum Output Voltage 

Output Low, 6000 to GND 

• 


6 

13 


6 

13 

mV 


Swing 

Output High, 6000 to GND 

• 

3.3 

3.9 


3.2 

3.9 


V 

•s 

Supply Current 

1 

• 


350 

570 


360 

o> 

S 

/■A 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: This parameter is guaranteed by design and is not tested. 

Note 2: Regular operation does not require an external resistor. In order to 
program the supply current for low power or high speed operation, connect 
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively. 
Supply current specifications (for R S et = 180k) do not include current in 
Rset- 


Note 3: This parameter is tested on a sample basis only. All noise parame- 
ters are tested with V s = ± 2.5V, V 0 = OV. 

Note 4: Optional offset nulling is accomplished with a potentiometer con- 
nected between the trim terminals and the wiper to V~ . A 10k pot (providing 
a null range of ± 6m V) is recommended for minimum drift of nulled offset 
voltage with temperature. For increased trim resolution and accuracy, two 
fixed resistors can be used in conjunction with a smaller potentiometer. 

For example: two 4.7k resistors tied to pins 1 and 5, with a 5000 pot in the 
middle, will have a null range of ± 150/iV. 


XTUQS® 
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ELECTRICAL CHARACTERISTICS V$ = ± 15V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

' 

PARAMETER 

CONDITIONS 

LT1006AM/AC 
MIN TYP 

MAX 

MIN 

LT1006M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



30 

100 


50 

180 

mV 

•os 

Input Offset Current 



0.1 

0.5 


0.15 

0.9 

nA 

•b 

Input Bias Current 



7.5 

12.0 


8.0 

20.0 

nA 


Input Voltage Range 


13.5 

13.8 


13.5 

13.8 


V 




-15.0 

-15.3 


-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM =+ 13.5V, -15V 

100 

117 


97 

116 

! 

| 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ± 18V, V 0 = OV 

106 

126 


103 

124 


dB 

Avol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

1.5 

5.0 


1.2 

4.0 


V/mV 



V 0 = ± 10V, R l = 600Q 

0.8 

1.5 


0.5 

1.0 


V/jiV 

VoUT 

Maximum Output Voltage Swing 

R L = 2k 

±13 

±14 


±12.5 

±14 


V 

SR 

Slew Rate 

Rset= 00 

0.25 

0.4 


0.25 

0.4 


Mln s 



R SET =390fi Pin 8 to Pin 4 

1.0 

1.2 


1.0 

1.2 


V/m s 

•s 

Supply Current 



360 

540 


360 

600 

mA 


CIECTRICAI. CHAAACT€AISTICS Vs= ± 15 V, -55°C <Ta< 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1006AM 

MIN TYP MAX 

LT1006M 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 

80 320 

110 460 

mV 

AV 0 s 

ATemp 

Input Offset Voltage Drift 


• 

0.5 2.2 

0.6 2.8 

jiV/° C 

•os 

Input Offset Current 


• 

0.2 2.0 

0.3 3.0 

nA 

•b 

Input Bias Current 


• 

9 18 

11 27 

nA 

Avol 

Large Signal Voltage Gain 

V 0 = ± 10V, R L =2k 

• 

0.5 1.5 

0.25 1.0 

VfoV 

CMRR 

Common-Mode Rejection Ratio 

V C m= +13V, -14.9V 

• 

97 114 

94 113 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2Vto ±18V, V o =0V 

• 

100 117 

97 116 

dB 


Maximum Output Voltage Swing 

R|_=2k 


±12 ±13.8 

±11.5 ±13.8 

V 

•s 

Supply Current 



400 650 

400 750 

lik 


ELECTRICAL CHAAACT€AISTICS Vs= ±15V,0°C <Ta< 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1006AC 

TYP 

MAX 

MIN 

LT1006C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


50 

200 


75 

300 

pV 



LT1006N8 






80 

330 

„v 

AV 0 s 

Input Offset Voltage Drift 


• 


0.5 

2.2 


0.6 

2.8 

mV/ 0 c 

ATemp 


LT1006N8 

• 





0.7 

3.5 

lMI°C 

•os 

Input Offset Current 


• 


0.15 

1.0 


0.25 

2.0 

nA 

•b 

Input Bias Current 


• 


8.0 

15 


10 

23 

nA 

Avol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

• 

1.0 

3.0 


0.7 

2.5 


VfoV 

CMRR 

Common-Mode Rejection Ratio 

V cm = 13V, -15V 


98 

116 


94 

114 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2V to ± 18V, V o = 0V 

• 

101 

120 


97 

118 


dB 


Maximum Output Voltage Swing 

R l = 2k 

• 

±12.5 

±13.9 


±11.5 

±13.8 


V 

Is 

Supply Current 


• 


370 

600 


380 

660 

mA 
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TYPICAL P€RFOftmnnC€ charactcmstics 


Offset Voltage Drift with 
Temperature of Representative 
Units 


Offset Voltage vs Balanced 
Source Resistor 


Vqs vs Common-Mode Voltage vs 
Temperature 


_V S =5V, 0V_ 
V CM =0.1V 


=V S =5V,0V, — 55°C TO 125°C= 



50 - 25 0 2 5 50 75 1 00 1 25 

TEMPERATURE (°C) 


|^ .Vs=±15V. 25°C_ 

r^V s =5Vi0V,25 o C I 

II 1 1 1 1 1 

Ik 3k 10k 30k 100k 300k 1M 3M 10M 
BALANCED SOURCE RESISTANCE, R s (Q) 


T0 POSITIVE V 0S 

©NEGATIVE V qs 

-0.4 0 0.4 0.8 1.0 

COMMON-MODE INPUT VOLTAGE (V) 


Warm-Up Drift 



— 

Vs = 
T A = 2 

V, ov 

5°C 






f 




I 

T 1 

LT 1 006 METAL CAN (H) PACKAGE 
LT1006 CERDIP (J) PACKAGE 
1 1 


Voltage Gain vs Load Resistance, 
V S = 5V,0V 



Voltage Gain vs Load Resistance 
with Vs = ± 15V 



1 2 3 

TIME AFTER POWER ON (MIN) 


^ 100k I 1 

100 Ik 10k 100 Ik 

LOAD RESISTANCE TO GROUND (0) LOAD RESISTANCE TO GROUND (0) 


Input Bias Current vs Temperature 




— 

— 

'CM=0 

V 











_v s = 

=5V, O' 



^ 




□ 






L 















Input Offset Current vs 
Temperature 


V 















V 



n 



S =±15V 






— 





Input Bias Current vs Common- 
Mode Voltage 


V s = ± 15V 
I T = 25°C 



50 - 25 0 25 50 75 1 00 1 25 - 50 - 25 0 2 5 50 75 1 00 1 25 

TEMPERATURE (°C) TEMPERATURE (°C) 


-6 -12 -18 
INPUT BIAS CURRENT (nA) 


/Turm 
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COMMON-MODE INPUT VOLTAGE, V s = ± 15V (V) 

















SATURATION VOLTAGE (V) SUPPLY CURRENT (jA) NUMBER OF UNITS 


LT1006 


TVPICHl PCfiFOMlMACC CHHRHCTChISTICS 

10Hz Voltage Noise Distribution Noise Spectrum 


— I , 1 1000 

_V S = ±2.5V 
T a =25°C 

_200 UNITS TESTED- lg=l£ 
FROM THREE RUNS < ^ 300 


:T a =25°C = 

:V s =±2VTO ±18V = 



VOLTAGE NOISE 


/iTtmu. 

M/f CORNER 2Hz— F 


0.1 Hz to 10Hz Noise 


V s = ±2V TO ±15V 
h A =25°C 


G 1 1 u 1 J 1 1 10 L- 

16 20 24 28 32 1 

VOLTAGE NOISE DENSITY (nV/VHz) 


10 100 
FREQUENCY (Hz) 


Supply Current vs Temperature 
































vs= 

- ±15\ 
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<2 

5V, OV 
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Reducing Power Dissipation 

- '4 4 H^S = 5V, OV =f = t 

==== " H-I H-.-~ =EE 


Increasing Slew Rate (Rset to V " 




-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


PIN 8 IS APPROXIMATELY 

60mV ABOVE THE NEGATIVE SUPPLY 
0 I 1 1 J-i U-U. . U 1 I-..I u l 1, 1 11 0 01 0-1 I — 

50 10 5 1 0.5 100 

CURRENT INJECTED INTO PIN 8 (#*A) 

*I S y DOES NOT INCLUDE CURRENT THROUGH R S et 


PIN 8 IS APPROXIMATELY 

60mV ABOVE THE NEGATIVE SUPPLY 


Rset, PIN 8 TO PIN 4(0) 


Output Saturation vs Sink Current 
vs Temperature 


:v + =5V TO 30V E 
•V - =0V = 


'HZ , siyK= 1 °j* A ;; zz 

-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Maximum Output Swing vs Load 
Resistor 



Common-Mode Rejection Ratio 
vs Frequency 




0.1 1 
LOAD RESISTOR (kO) 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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TVPICRl PCRFORfllRRCE CHRRRCTCRISTICS 


Voltage Gain vs Frequency 



0 01 0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Large Transient Response, 
V S =5V,0V 



10 M s/DIV 

A v =1 

R L =4.7k TO 5V 
INPUT =0V TO 3.8V 



0.1 0 3 1 3 10 

FREQUENCY (MHz) 


Large Signal Transient Response, 
V S = 5V,0V 



10/iS/DIV 

A v =1 

R L = 4.7k TO GROUND 
INPUT =0V TO 3.8V 


Power Supply Rejection Ratio vs 
Frequency 



Large Signal Transient Response, 
V s = ± 15V 



50^s/DIV 

A v =1 


Small Signal Transient Response, 
V s = 5V,0V 



A v =1 

C L = lOpF 

R L = 600fi TO GND 

INPUT = 0V TO lOOmV PULSE 


Small Signal Transient Response, 
V CC = ± 2.5V to ± 15V 



2/is/DIV 

A v =1 
C L = lOpF 
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APPLICATION lAFOAfflATlOA 

The LT1006 is fully specified for single supply operation, 
i.e., when the negative supply is OV. Input common-mode 
range includes ground; the output swings within a few 
millivolts of ground. Single supply operation, however, can 
create special difficulties, both at the input and at the out- 
put. The LT1006 has specific circuitry which addresses 
these problems. 

At the input, the driving signal can fall below OV — inadver- 
tently or on a transient basis. If the input is more than a 
few hundred millivolts below ground, two distinct prob- 
lems can occur on previous single supply designs, such as 
the LM124, LM158, OP-20, OP-21, OP-220, OP-221, OP-420: 

a) When the input is more than a diode drop below 
ground, unlimited current will flow from the substrate (V~ 
terminal) to the input. This can destroy the unit. On the 
LT1006, the 400Q resistors, in series with the input (see 
schematic diagram), protect the devices even when the in- 
put is 5V below ground. 

b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates (transistors Q3 and Q4) 


and phase reversal occurs at the output. This can cause 
lock-up in servo systems. Due to a unique phase reversal 
protection circuitry (Q21, Q22, Q27, Q28), the LT1006’s out- 
put does not reverse, as illustrated below, even when the 
inputs are at -1.5V. 

At the output, the aforementioned single supply designs 
either cannot swing to within 600mV of ground (OP-20) or 
cannot sink more than a few microamperes while swing- 
ing to ground (LM124, LM158). The LT1006’s all-NPN out- 
put stage maintains its low output resistance and high 
gain characteristics until the output is saturated. 

In dual supply operations, the output stage is crossover 
distortion-free. 

Since the output cannot go exactly to ground, but can only 
approach ground to within a few millivolts, care should be 
exercised to ensure that the output is not saturated. For 
example, a ImV input signal will cause the amplifier to set 
up in its linear region in the gain 100 configuration shown 
below, but is not enough to make the amplifier function 
properly in the voltage follower mode. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs = 5V, OV) 



6Vp-p INPUT, -1.5V TO 4.5V 


Gain 100 Amplifier 



LM324, LM358, OP-20, OP-21 LT1006 

EXHIBIT OUTPUT PHASE NO PHASE REVERSAL 

REVERSAL 


Voltage Follower 




OUTPUT 

SATURATED 

=5mV 
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flppucflTions mFORmnnon 

In automated production testing the output is forced to 
1.4V by the test loop; offset voltage is measured with a 
common-mode voltage of zero and the negative supply at 
zero (Pin 4). Without the test loop, these exact conditions 
cannot be achieved. The test circuit shown ensures that 
the output will never saturate even with worst-case offset 
voltages (-250 /jV over the -55°C to 125°C range). The 
effective common-mode input is 0.3V with respect to the 
negative supply. As indicated by the common-mode rejec- 
tion specifications the difference is only a few microvolts 
between the two methods of offset voltage measurement. 


Test Circuit for Offset Voltage and 
Offset Drift with Temperature 

50k* 



CONFIGURATION, WITH SUPPLY VOLTAGES 
INCREASED TO ±20V. 

V 0 = 1000V OS 


Comparator Rise Response Time 
to lOmV, 5mV, 2mV Overdrives 



V S = 5V, 0 V 50/iS/DIV 


Low Supply Operation 

The minimum guaranteed supply voltage for proper oper- 
ation of the LT1006 is 2.7V. Typical supply current at 
this voltage is 320/rA, therefore power dissipation is only 
860/iW. 

Noise Testing 

For application information on noise testing and calcula- 
tions, please see the LT1007 or LT1028 data sheet. 

Supply Current Programming 

Connecting an optional external resistor to Pin 8 changes 
the biasing of the LT1006 in order to increase its speed or 
to decrease its power consumption. If higher slew rate is 
required, connect the external resistor from Pin 8 to Pin 4 
[see performance curves for Increasing Slew Rate (Rset to 
V - )]. For lower power consumption, inject a current into 
Pin 8 (which is approximately 60mV above V - ) as shown 
on the Reducing Power Dissipation plot. This can be ac- 
complished by connecting Rset to the positive supply, or 
to save additional power, by obtaining the injected current 
from a low voltage battery. 

Comparator Applications 

The single supply operation of the LT1006 and its ability to 
swing close to ground while sinking current lends itself to 
use as a precision comparator with TTL compatible 
output. 


Comparator Fall Response Time 
to lOmV, SmV, 2mV Overdrives 



V S = 5V, 0 V 50/iS/DIV 


XTun&i 
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TYPICAL APPLICATION 


Platinum RTD Signal Conditioner with Curvature Correction 

+V V=5.6V— 10V 



Rp=R0SEM0UNT 118MF 
**=TRW MAR-6 0.1% 

* = 1% METAL FILM 


0.02V TO 4V OUT = 
2°C TO 400°C 
±0.25°C 


Voltage Controlled Current Source with Ground 
Referred input and Output 


INPUT 3 [>07 
0-2V | % 


+ov 

i d] 1 



V4LTC1043 J *kuT=i 


— do 

f_J 


OPERATES FROM A SINGLE 5V SUPPLY 


Micropower IMHzV-F Converter 


20 k 

120k** 1MHz 


INPUT, 1 TYP TRIM X _2k _ [ 


1% METAL FILM 
1% METAL FILM, SELECTED 


0.33/tF I o.ovf; 


VOLTAGE 

CONTROLLED 

CURRENT 

SOURCE 

TRIGGER _ 

j* 

NC 

, r a7 

*08 


s2N3906 

kl 

_3pF XlN4148 

z!z STRAY 

T 1 

^CAPACITANCE 


lOOOpF (POLYSTYRENE) 

I I 


I 


■ti m . jljhjl 

n 74C9 ° 74090 


a 





OMHz-IMHz 

REFERENCE 

SWITCH 

0.12% LINEARITY 

280pA QUIESCENT CURRENT 
680MAT1MHZ 
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LT1006 SCHCfflATIC DIAGRAM 



PACKAGC DCSCRIPTIOA 


Dimensions in inches (millimeters) unless otherwise noted. 


H8 Package J8 Package 

TO-5 Metal Can Hermetic DIP 



N8 Package 
Plastic DIP 


0 400 ^ 

(10 160) 

MAX 

m m m m 


) 

f 

0.250±0.010 
(6.350 ±0 254) 

1 

111 LiJ LlI E 



0 300-0 320 
(7 620-8 128)*” 

0 009 - 0 015 

r 

i 

f — 3S 

(0 229-0 381) 

fpHS) 

1 Tpax e, a 

1 100°C | 130°C/W 

] 
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rrwm. 

TECHNOLOGY 

F€RTUR€S 

■ Single Supply Operation 

Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 


■ Guaranteed Offset Voltage 

400/iV Max. 

■ Guaranteed Low Drift 

3.5,iV/ 0 C Max. 

■ Guaranteed Offset Current 

■ Guaranteed High Gain 

0.9nA Max. 

5mA Load Current 

1.2 Million Min. 

17mA Load Current 

0.5 Million Min. 

■ Guaranteed Low Supply Current 

570/iA Max. 

■ Supply Current can be Reduced by a Factor of 4 

■ Low Voltage Noise, 0.1 Hz to 10Hz 

■ Low Current Noise- 

0.55/iVp-p 

Better than OP-07 

0.08pA/Vfizat10Hz 

■ High Input Impedance 

lOOMOMin. 

■ Guaranteed Minimum Supply Voltage 2.7V Min. 

RPPUCRTIOAS 


■ Low Power Sample and Hold Circuits 

■ Battery Powered Precision Instrumentation 

Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 

■ 4mA-20mA Current Loop Transmitters 

■ Active Filters 


Precision, Single Supply 
Op Amp 

D6SCRIPTIOR 

The LT1006S8 is the first precision single supply opera- 
tional amplifier. Its design has been optimized for single 
supply operation with a full set of specifications at 5V. 
Specifications at ± 15V are also provided. 

The LT1006S8 has low offset voltage of 80/tV, drift of 
0.7/iV/°C, offset current of 150pA, gain of 2 million, com- 
mon-mode rejection of 112dB, and power supply rejection 
of 126dB. 

Although supply current is only 350^A, a novel output stage 
can source or sink in excess of 20mA while retaining high 
voltage gain. Common-mode input range includes ground to 
accommodate low ground-referenced inputs from strain 
gauges or thermocouples, and output can swing to within a 
few millivolts of ground. If higher slew rate (in excess of 
1V//ts) or micropower operation (supply current down to 
90jtA) is required, the operating currents can be modified by 
connecting an external optional resistor to Pin 8. 

For a similar single supply precision dual op amp in the SO 
package, please see the LT1013DS8 data sheet. 


LT1006 Single Supply, Micropower Sample and Hold 



SAMPLE-HOLD COMMAND 
HIGH=SAMPLE' 
LOW = HOLD 


ACQUISITION TIME 
HOLD SETTLING TIME 
S-H OFFSET 
HOLD SUPPLY CURRENT 
SAMPLE SUPPLY CURRENT 
1kHz SAMPLE RATE CURRENT 
(SAMPLING FOR 20,*, 
HOLDING FOR 300,*s) 

DROOP RATE 


20 ,* 

10/*s 

ImV 

250mA 

5.0mA 

800/iA 


rrunm 
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absolute maximum ratiags package/order lAFORmanon 

Supply Voltage ± 22V 

Input Voltage Equal to Positive Supply Voltage 

5 V Below Negative Supply Voltage 

Differential Input Voltage 30V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



S8 PACKAGE 
PLASTIC SOIC 


ORDER PART 
NUMBER 


LT1006S8 


PART MARKING 


1006 


€l€CTRICAl CHARACTERISTICS V$ = 5V, 0V, Vcm = 0V, Vqut = 1.4V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1006S8 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 



80 

400 

mV 

AV 0 s 

Long Term Input Offset 



0.7 


/iV/Mo 

ATime 

Voltage Stability 






■os 

Input Offset Current 



0.15 

0.9 

nA 

■b 

Input Bias Current 



10 

25 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz 

| 0.55 | 

M-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


23 

32 

nV/VFTz 



f 0 = 1000Hz (Note 3) 


22 

25 

nV/VHz 

■n 

Input Noise Current Density 

f 0 = 10Hz 

0.08 ! 

pA/VHz 


Input Resistance 

(Note 1) 






Differential Mode 


100 

300 


MO 


Common-Mode 



4 


GO 


Input Voltage Range 


3.5 

3.8 


V 




0 

-0.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0Vto3.5V 

97 

112 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2Vto ± 18V, V o = 0V 

103 

124 


dB 

A VOL 

Large Signal Voltage Gain 

V 0 = 0.03V to 4 V,R l = 10K 

0.7 

2.0 


V/^V 



V 0 = 0.03 V to 3.5 V, R l = 2k 

0.3 

1.8 


V//4V 

Vqut 

Maximum Output Voltage Swing 

Output Low, No Load 


15 

25 

mV 



Output Low, 6000toGND 


5 

10 

mV 



Output Low, lsiNK= 1mA 


220 

350 

mV 



Output High, No Load 

4.0 

4.4 


V 



Output High, 600fi to 

3.4 

4.0 


V 

SR 

Slew Rate 


0.25 

0.4 


V//iS 

Is 

Supply Current 

r set=°° 


350 

570 

m a 



R set = 180k Pin 8 to Pin 7 


90 


mA 



(Note 2) 






Minimum Supply Voltage 


L_!Z 

V 
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ELECTRICAL CHARACTERISTICS Vs = ± 15V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1006S8 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



100 

525 


■os 

Input Offset Current 

. . 


0.15 

0.9 

nA 


Input Bias Current 

1 


8.0 

20.0 

nA 


Input Voltage Range 


13.5 

13.8 


V 




-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V C M= +13.5V, -15V 

97 

116 


dB 

PSRR 

Power Supply Rejection Ratio 

V s =±2Vto±18V,V o = 0V 

103 

124 


dB 

a vol 

Large Signal Voltage Gain 

V 0 = ± 10 V, R L =2k 

1.2 

4.0 


V/^V 



V o =±10V,R l =600G 

0.5 

1.0 


V/ M V 

VoUT 

Maximum Output Voltage Swing 

R l =2K 

±12.5 

±14 


V 

SR 

Slew Rate 

R S et = 00 

0.25 

0.4 


V/ M s 



r set = 390fi Pin 8 to Pin 4 

1.0 

1.2 


V//iS 

■s 

Supply Current 



360 

600 

/iA 


ELECTRICAL CHARACTERISTICS 

Vs = 5V, OV, Vcm =0V, Vqut = 1.4 V, 0°C<Ta<70' i C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1006S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 

110 560 

lN 

AVqs 

ATemp 

Input Offset Voltage Drift 


• 

0.7 3.5 

mV/°C 

•os 

Input Offset Current 


• 

0.3 2.5 

nA 

Ib 

Input Bias Current 


• 

12 30 

nA 

a vol 

Large Signal Voltage Gain 

V 0 = 0.04V to 3.5V, R,_=2k 

• 

0.25 1.2 

V//iV 

CMRR 

Common-Mode Rejection Ratio 

V CM = 0V to 3.4V 

• 

92 108 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2V to ± 18V, V 0 = 0V 

• 

97 118 

dB 

V OUT 

Maximum Output Voltage Swing 

Output Low, 6000 toGND 

Output High, 6000 to GND 

• 

• 

6 13 

3.2 3.9 

mV 

V 

Is 

Supply Current 


• 

360 620 

,* A 


u\m 
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ELECTRICAL CHARACTERISTICS Vs= ± 15V, 0°C <Ta< 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1006S8 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 


• 


150 

730 

oV 

AV 0S 

ATemp 

Input Offset Voltage Drift 


• 


1.0 

4.5 

mV/°C 

•os 

Input Offset Current 


• 


0.25 

2.0 

nA 

•b 

Input Bias Current 


• 


10 

23 

nA 

a vol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

• 

0.7 

2.5 


V/^V 

CMRR 

Common-Mode Rejection Ratio 

V cm = 13V, -15V 

• 

94 

114 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2V to ± 18V, V 0 = 0V 

• 

97 

118 


dB 

VOUT 

Maximum Output Voltage Swing 

R l = 2k 

• 

±11.5 

±13.8 


V 

•s 

Supply Current 


• 


380 

660 

aA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: This parameter is guaranteed by design and is not tested. 

Note 2: Regular operation does not require an external resistor. In order to 
program the supply current for low power or high speed operation, connect 
an external resistor from Pin 8 to Pin 7 or from Pin 8 to Pin 4, respectively. 
Supply current specifications (for R SET = 180k) do not include current in 
Rset- 


Note 3: This parameter is tested on a sample basis only. All noise parame- 
ters are tested with V s = ± 2.5V, V 0 = 0V. 

Note 4: Optional offset nulling is accomplished with a potentiometer con- 
nected between the trim terminals and the wiper to V". A 10k pot (providing 
a null range of ± 6mV) is recommended for minimum drift of nulled offset 
voltage with temperature. For increased trim resolution and accuracy, two 
fixed resistors can be used in conjunction with a smaller potentiometer. 

For example: two 4.7k resistors tied to pins 1 and 5, with a 500Q pot in the 
middle, will have a null range of ± 150/iV. 
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LT1007/LT1037 


/TLintAB 

TECHNOLOGY 


Low Noise, High Speed 
Precision Operational Amplifiers 


Kffluircs 

■ Guaranteed A. b nV/VHz 10 Hz noise 

■ Guaranteed 3.8 nV/VHz 1kHz noise 

* 0.1 Hz to 10 Hz noise, 60 nV p-p, typical 

■ Guaranteed 7 million min. voltage gain, 

R l = 2kfl 

■ Guaranteed 3 million min. voltage gain, 

Rl = 600ft 

■ Guaranteed 25 mV max. offset voltage 

■ Guaranteed OfifAirc max. drift with temperature 

■ Guaranteed 1 IV/jusec min. slew rate (LT1037) 

■ Guaranteed 117 dB min. CMRR 


nppucOTions 

■ Low Noise Signal Processing 

■ Microvolt Accuracy Threshold Detection 

■ Strain Gauge Amplifiers 

■ Direct Coupled Audio Gain Stages 

■ Sine Wave Generators 

■ Tape Head Preamplifiers 

■ Microphone Preamplifiers 


DCSCRIPTIOn 

The LT1007/LT1037 series features the lowest noise 
performance available to date for monolithic oper- 
ational amplifiers: 2.5nV/\/Hz wideband noise (less 
than the noise of a 4000 resistor), 1 1t corner frequen- 
cy of 2Hz and 60nV peak to peak 0. 1 Hz to 1 0Hz noise. 
Low noise is combined with outstanding precision and 
speed specifications: lO^V offset voltage, 0.2^V/°C 
drift, 130 dB common-mode and power supply rejec- 
tion, and 60MHz gain-bandwith-product on the de- 
compensated LT1037, which is stable for closed loop 
gains of 5 or greater. 

The voltage gain of the LT 1007/1037 is an extremely 
high 20 million driving a 2kft load and 12 million driv- 
ing a 6000 load to ± 10V. 

In the design, processing, and testing of the device, 
particular attention has been paid to the optimization 
of the entire distribution of several key parameters. 
Consequently, the specifications of even the lowest 
cost grades (the LT1007C and the LT1037C) have 
been spectacularly improved compared to equivalent 
grades of competing amplifiers. 

The sine wave generator application shown below uti- 
lizes the low noise and low distortion characteristics 
of the LT1037. 


Ultra-Pure 1kHz Sine Wave Generator 


4300 

■AW 


#327 Lamp. 


€ 


R 

-Wv~ 


C 


2ttRC 

R = 1591.50 ±.1% 
C = 0.1 fit ±.1% 


Total Harmonic Distortion = < .0025% 
Noise = < .0001% 

Amplitude = ± 8 volts 
Output Frequency = 1.000kHz for values 
given ±.4% 




0 2 4 6 8 10 

TIME (SECONDS) 


nr urm 

dill A TECHNOLOGY 
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LT1007/LT1037 


absolute mnximum ratirgs 

Supply Voltage ±22 V 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Differential Input Current (Note 8) ± 25mA 

Lead Temperature (Soldering, 10 sec.) 300°C 

Operating Temperature Range 

LT1007/ 1037AM, M -55°Ct0l25°C 

LT 1007/ 1037AC, C 0°Cto70°C 

Storage Temperature Range 
All Devices -65°Cto 150°C 


PACKAGE /ORDER IRFORAIATIOA 



TOP VIEW 

Vos TRIM 


ORDER PART NUMBER 

—in (y- 1 ” 0UT 

+IN Qj^® NC 

V-(CASE) 

METAL CAN H PACKAGE 

LT1007AMH LT1037AMH 
LT1007MH LT1037MH 
LT1007ACH LT1037ACH 
LT1007CH LT1037CH 

Vospr 
trimLL 
-IN [7 
+in[7 
»-[ i 

TOP VIEW 

71 Vos 
Utrim 

7]v + 

7] OUT 

Unc 

LT1007AMJ8 LT1037AMJ8 
LT1007MJ8 LT1037MJ8 
LT1007ACJ8 LT1037ACJ8 
LT1007CJ8 LT1037CJ8 

LT1007ACN8 LT1037ACN8 
LT1007CN8 LT1037CN8 

HERMETIC DIP J8 PACKAGE 

PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS V s = ±15V, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1007AM/AC 

LT1037AM/AC 

MIN TYP MAX 

MIN 

LT1007M/C 

LT1037M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 


10 

25 


20 

60 

mV 

AV 0 s 

Long Term Input Offset Voltage 









ATime 

Stability 

(Notes 2 and 3) 


0.2 

1.0 


0.2 

1.0 

mV/ Mo 

•os 

Input Offset Current 



7 

30 


12 

50 

nA 

•b 

Input Bias Current 



±10 

±35 

±15 ±55 | 

nA 

®n 

Input Noise Voltage 

0.1Hz to 10Hz (Notes 3 and 5) 


0.06 

0.13 


0.06 

0.13 

MVp-p 


Input Noise Voltage Density 

f 0 = 10Hz (Notes 3 and 4) 


2.8 

4.5 


2.8 

4.5 

nV/VHz 



f 0 = 1000Hz (Note 3) 


2.5 

3.8 


2.5 

3.8 

nV/VHz 

•n 

Input Noise Current Density 

f 0 = 10Hz (Notes 3 and 6) 


1.5 

4.0 


1.5 

4.0 

pA/Vfjz 



f 0 = 1000Hz (Notes 3 and 6) 


0.4 

0.6 


0.4 

0.6 

pA/VHz 


Input Resistance — Common Mode 


r_ 7 i 

5 1 

G12 


Input Voltage Range 


±11.0 

±12.5 


±11.0 

±12.5 


V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 11V 

117 

130 


110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4V to ± 18V 

110 

130 


106 

126 


dB 

Avol 

Large Signal Voltage Gain 

R l s* 2kO, V 0 = ± 12V 

7.0 

20.0 


5.0 

20.0 


V/ M V 



r l > m, V 0 = ± 10V 

5.0 

16.0 


3.5 

16.0 


V/ M V 



R l ^ 60012, V 0 = ± 10V 

3.0 

12.0 


2.0 

12.0 


V/mV 

VOUT 

Maximum Output Voltage Swing 

R l > 2kl2 

±13.0 

±13.8 


±12.5 

±13.5 


V 



R l ^ 60012 

±11.0 

±12.5 


±10.5 

±12.5 


V 

SR 

Slew Rate LT 1007 

R l ^ 2kfi 

1.7 

2.5 


1.7 

2.5 


V/ M S 


LT 1037 

A V cl > 5 

11 

15 


11 

15 


V/ M S 

GBW 

Gain-Bandwidth LT 1007 

f 0 = 100kHz (Note 7) 

5.0 

8.0 


5.0 

8.0 


MHz 


Product: LT1037 

f 0 = 10kHz (Note 7) (A VCL > 5) 

45 

60 


45 

60 


MHz 

Z 0 

Open Loop Output Resistance 

V 0 - 0, l 0 - 0 

1 70 

! 70 


Pd 

Power Dissipation LT 1007 



80 

120 


80 

140 

mW 


LT 1037 



80 

130 


85 

140 

mW 
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LT1007/LT1037 


ELECTRICAL CHARACTERISTICS V s = ± 15V, — 55°C < Ta < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1007AM/LT1 037AM 

MIN TYP MAX 

LT1007M/LT1037M 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 


25 60 

50 160 

mV 

AVos 

ATemp 

Average Input Offset Drift 

(Note 9) 


0.2 0.6 

0.3 1.0 

mV/°C 

los 

Input Offset Current 



15 50 

20 85 

nA 

Ib 

Input Bias Current 



±20 ±60 

±35 ±95 

nA 


Input Voltage Range 



±10.3 ±11.5 

±10.3 ±11.5 

V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 10.3V 


112 126 

104 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ± 18V 


104 126 

100 120 

dB 

Avol 

Large Signal Voltage Gain 

R l ^ 2kfi, V 0 = ± 10V 

R l > Ikfl, V 0 = ± 10V 


3.0 14.0 

2.0 10.0 

2.0 14.0 

1.5 10.0 

V/ M V 

V/ M V 

VoUT 

Maximum Output Voltage Swing 

R l > 2kfl 


±12.5 ±13.5 

± 12.0 ± 13.5 

V 

Pd 

Power Dissipation 



100 150 

100 170 

mW 


ELECTRICAL CHARACTERISTICS V s = ± 15V, 0°C ^ Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1007AC/LT1037AC 

MIN TYP MAX 

LT1007C/LT1037C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

• 

20 50 

35 110 

mV 

AVos 

ATemp 

Average Input Offset Drift 

(Note 9) 


0.2 0.6 

0.3 1.0 

aA//°C 

los 

Input Offset Current 


• 

10 40 

15 70 

nA 

Ib 

Input Bias Current 



±14 ±45 

±20 ±75 

nA 


Input Voltage Range 



±10.5 ±11.8 

±10.5 ±11.8 

V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 10.5V 

• 

114 126 

106 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 4.5V to ± 18V 

.•J 

106 126 

102 120 

dB 

Avol 

Large Signal Voltage Gain 

R l s* 2kfi, V 0 = ± 10V 

R l ^ Ikfi, V 0 = ± 10V 


4.0 18.0 

2.5 14.0 

2.5 18.0 

2.0 14.0 

V/ M V 

V/ M V 

Vout 

Maximum Output Voltage Swing 

R l s* 2kl2 


± 12.5 ± 13.6 

± 12.0 ± 13.6 

V 

Pd 

Power Dissipation 



90 144 

90 160 

mW 


NOTES: 

The • denotes the specifications which apply over full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Input Offset Voltage measurements are performed by 
automatic test equipment approximately 0.5 seconds after 
application of power. AM and AC grades are guaranteed fully 
warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average 
trend line of Offset Voltage v^Time over extended periods after the 
first 30 days of operation. Excluding the initial hour of operation, 
changes in V 0 s during the first 30 days are typically 2.5^V — refer 
to typical performance curve. 

Note 3: This parameter is tested on a sample basis only. 


Note 4: 10Hz noise voltage density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request. 

Note 5: See the test circuit and frequency response curve for 0.1Hz to 
10Hz tester in the Applications Information section. 

Note 6: See the test circuit for current noise measurement in the 
Applications Information section. 

Note 7: This parameter is guaranteed by design and is not tested. 
Note 8: The inputs are protected by back-to-back diodes. Current 
limiting resistors are not used in order to achieve low noise. If 
differential input voltage exceeds ±0.7V, the input current should be 
limited to 25mA. 

Note 9: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of 
8k S3 to 20ka 
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VOLTAGE NOISE (20nV/DIV) 


LT10Q7/LT1037 

TYPICAL P€RFORmAAC€ CHRRRCTCRISTICS 


0.02 to 10Hz RMS Noise. Cain = 50,000 

10Hz Voltage Noise Distribution Voltage Noise vs Frequency (Measured on HP3582 Spectrum Analyzer) 



1 23456789 10 

0.1 

1.0 10 100 

1000 

Marker at 2Hz (= 1 /f corner) = 

VOLTAGE NOISE DENSITY (n V/ VRz) 


FREQUENCY (Hz) 


179 M V/\/Hz OCft nV 
50,000 ° x/Hz 


0.01 to 1Hz Peak to Peak Noise Total Noise vs Source Resistance Voltage Noise vs Temperature 



0 

20 40 60 80 

100 

0.1 

1.0 10 

100 

-50 -25 0 25 50 75 


TIME (SECONDS) 



SOURCE RESISTANCE (kfi) 


TEMPERATURE (°C) 


Wideband Voltage Noise 

Current Noise vs Frequency (0.1Hz to Frequency Indicated) Voltage Noise vs Supply Voltage 



FREQUENCY (Hz) BANDWIDTH (kHz) SUPPLY VOLTAGE (V) 
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OPEN LOOP VOLTAGE GAIN (V/ M V) VOLTAGE GAIN (dB) 


LT1007/LT1037 


TYPICAL PcRFORmARCC CHRRACTCRISTICS 


Voltage Gain vs Frequency 



0.010.1 1 10 100 Ik 10k lOOkIM 10M 100M 
FREQUENCY (Hz) 


Voltage Gain vs Supply Voltage 






2ko 


/ 





/ 


Rl ■ 

6009. 






/ 

V 


I T — — 

oc°r _ 




'A ~ 

cO U 


t5 ±10 ±15 ±20 ±25 

SUPPLY VOLTAGE (VOLTS) 


Voltage Gain, R L = 2K and 60012 





'V — f 


-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 

MEASURED ON TEKTRONIX 178 LINEAR 1C TESTER 


Voltage Gain vs Load Resistance 


Voltage Gain vs Temperature 


Warm-Up Drift 
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V 



2 




V s = 

= + 

15 







T a = 

= 25 

°C 









2 

_ 




0.1 0.3 1.0 3.0 10.0 

LOAD RESISTANCE (kO) 



! 





r l 

= 2k 



_ 

R l = Ik 



s 




— 




— 

__Rl = 6000 





' 






| 




V 


= ± 15V 





V 0 UT - ± IUV 

V 0U T = ±8V for T a 5 

1 1 I: Rl " 

* 100° 
6000 

c 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



v s = 
t a — 

± 15V 
25°C 









METAL CAN (H) PACKAGE \ 

/ 

- 




f 


... 



t 

" DUAL-IN-LINE PACKAGE 
PLASTIC (N) OR CERDIP (J) - 


0 1 2 3 4 5 

TIME AFTER POWER ON (MINUTES) 


Long Term Stability of Four 
Representative Units 



0.2mV/ MONTH 


0.2 m V/MONTH TREND LINE 


Offset Voltage Drift with Temperature 
of Representative Units 



Supply Current vs Supply Voltage 


4 6 

TIME (MONTHS) 


-50 -25 O 25 50 75 100 125 

TEMPERATURE (°C) 


±5 ±10 ±15 

SUPPLY VOLTAGE (VOLTS) 
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LT1007/LT1037 


TYPICAL PCRFORRIARCC CHARACTERISTICS 


LT1037 Small Signal 

Transient Response LT1037 Large Signal Response 



AvCL=+5, Vs=±15V Avcl=+5, Vs=±15V 

C L = 15pF 


LT1037 Gain, Phase Shift vs 
Frequency 


LT1007 Gain, Phase Shift vs 
Frequency 



0.1 1 10 100 
FREQUENCY (MHz) 


90 40 

100 

110 30 

120 |2 £ 

130 § iT 20 

' Q < 

140 jr ^ 

tb C3 

150 £ g 10 
160 § > 

170 ^ 0 

180 

190 -10 

0.1 1 10 100 
FREQUENCY (MHz) 



LT1007 Small Signal 

Transient Response LT1007 Large Signal Response 



AVCL=+1, Vs=±15V Avcl=-1, Vs=±15V 

CL = 15pF 
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TECHNOLOGY 


LT1037 Phase Margin, Gain Bandwidth 
Product, Slew Rate vs Temperature 



w -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


LT1007 Phase Margin, Gain-Bandwidth 1 
_ Product, Slew Rate vs Temperature 

§ 70 



cn -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Maximum Undistorted Output vs Frequency 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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LT1007/LJ1037 


Applications mFORmnrion 


General 

The LT1007/1037 series devices may be inserted di- 
rectly into OP-07, OP-27, OP-37, and 5534 sockets 
with or without removal of external compensation or 
nulling components. In addition, the LT1007/1037 
may be fitted to 741 sockets with the removal or modi- 
fication of external nulling components. 


Offset Voltage Adjustment 

The input offset voltage of the LT1007/1037 and its 
drift with temperature, are permanently trimmed at 
wafer testing to a low level. However, if further adjust- 
ment of Vos is necessary, the use of a 10k nulling po- 
tentiometer will not degrade drift with temperature. 
Trimming to a value other than zero creates a drift of 
(Vos/300) juV/°C, e.g., if Vos is adjusted to 300^V, the 
change in drift will be VV/°C. 


Standard Adjustment 



The adjustment range with a 10k pot is approximately 
± 2.5mV. If less adjustment range is needed, the sen- 
sitivity and resolution of the nulling can be improved 
by using a smaller pot in conjunction with fixed resis- 
tors. The example has an approximate null range of 
± 200/ttV. 


Improved Sensitivity Adjustment 



OUTPUT 


Offset Voltage and Drift 

Thermocouple effects, caused by temperature gradi- 
ents across dissimilar metals at the contacts to the in- 
put terminals, can exceed the inherent drift of the 


amplifier unless proper care is exercised. Air currents 
should be minimized, package leads should be short, 
the two input leads should be close together and main- 
tained at the same temperature. 


The circuit shown to measure offset voltage is also 
used as the burn-in configuration for the LT 1007/ 
1037, with the supply voltages increased to ± 20V. 


50k* 



Test Circuit for Offset Voltage 
and Offset Voltage Drift with 
Temperature 


Unity Gain Buffer Applications (LT1007 Only) 

When Rf « 100ft and the input is driven with a fast, 
large signal pulse (> IV), the output waveform will 
look as shown in the pulsed operation diagram. 



During the fast feedthrough-like portion of the output, 
the input protection diodes effectively short the output 
to the input and a current, limited only by the output 
short circuit protection, will be drawn by the signal 
generator. With R » 500ft, the output is capable of 
handling the current requirements (II < 20mA at 10V) 
and the amplifier stays in its active mode and a 
smooth transition will occur. 

As with all operational amplifiers when R f > 2kft, a 
pole will be created with R f and the amplifier’s input 
capacitance, creating additional phase shift and re- 
ducing the phase margin. A small capacitor (20pF to 
50pF) in parallel with R f will eliminate this problem. 
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LT1007/LT1037 


flppucffrions mFonmnrion — noise 


Noise Testing 

The 0. 1 Hz to 1 0Hz peak-to-peak noise of the LT1 007 / 
1037 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0. 1 Hz corner is defined by only one zero. The test time 
to measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 

Measuring the typical 60nV peak-to-peak noise per- 
formance of the LT 1007/1037 requires special test 
precautions: 

(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset volt- 
age changes typically 3juV due to its chip tem- 
perature increasing 10°C to 20°C from the 
moment the power supplies are turned on. In the 
10 second measurement interval these tempera- 
ture-induced effects can easily exceed tens of 
nanovolts. 

(b) For similar reasons, the device must be well 
shielded from air currents to eliminate the pos- 
sibility of thermoelectric effects in excess of a 
few nanovolts, which would invalidate the 
measurements. 

(c) Sudden motion in the vicinity of the device can 
also “feedthrough” to increase the observed 
noise. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0. 1Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1 /f corner frequency. 

Current noise is measured in the circuit shown and 
calculated by the following formula: 

= _ [e 2 no — (1 30nV) 2 ] 1/2 
n ~ IMOxlOO 

10k 



The LT1007/1037 achieves its low noise, in part, by 
operating the input stage at 120juA versus the typical 
IOjuA of most other op amps. Voltage noise is inverse- 
ly proportional while current noise is directly propor- 
tional to the square root of the stage current. Therefore 
the LT1007/1037’s current noise will be relatively 
high. At low frequencies, the low 1 /f current noise 
corner frequency («s120Hz) minimizes current noise 
to some extent. 

In most practical applications, however, current noise 
will not limit system performance. This is illustrated in 


0.1Hz to 10Hz Noise Tost Circuit 


0 . 1 ,# 



0.1Hz to 10Hz p-p Noise 
Tester Frequency Response 



xtudss 
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LT1007/LT1037 


the total noise versus source resistance plot, where 
total noise = [(voltage noise) 2 + (current noise X R s ) 2 
+ (resistor noise) 2 ! 71 

Three regions can be identified as a function of source 
resistance: 

(i) R s < 40051 Voltage noise dominates 

(ii) 4000 « R s 50kO at 1kHz 1 Resistor noise 
4000 < R s < 8kO at 10Hz ) dominates 


(iii) Rs > 50kO at 1kHz Current noise 
R s > 8kO at 10Hz j dominates 

Clearly the LT 1007/1037 should not be used in region 
(iii), where total system noise is at least six times high- 
er than the voltage noise of the op amp, i.e., the low 
voltage noise specification is completely wasted. 


TYPICAL APPLICATION 


Gain 1000 Amplifier with 0.01% 
Accuracy, DC to 5Hz 


OUTPUT 


INPUT RN60C FILM RESISTORS 

The high gain and wide bandwidth of the LT 1037 and (LT 1007) is useful in 
low frequency high closed loop gain amplifier applications. A typical precision 
Op Amp may have an open loop gain of one million with 500kHz bandwidth. As the 
gain error plot shows, this device is capable of 0.1% amplifying accuracy up to 0.3Hz 
only. Even instrumentation range signals can vary at a faster rate. The LT1037’s 
“gain precision — bandwidth product" is 200 times higher, as shown. 



Gain Error vs Frequency 
Closed Loop Gain - 1000 

1.0 


£ o.i 

Q~ 

CC 

O 

cc 

QC 

§ 0.01 


0.001 

0.1 1 10 100 
FREQUENCY (Hz) 


Precision Amplifier Drives 3001] Load to ± 10V 




Input offset voltage is typically changed less than 5 mV due to the feedback. 


The addition of the LT1007 doubles the amplifier’s output drive to ±33mA. 
Gain accuracy is 0.02%, slightly degraded compared to above because of 
self heating of the LT 1037 under load. 
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LT1 007/LT1 037 


TYPICAL APPUCHTIOnS 


Phono Proamplifior 


Tape Head Amplifier 



4.99k 01 



ALL RESISTORS METAL FILM 







PACKAGC DCSCAIPTIOA 


H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 
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LT1007CS/LT1037CS 


F€ATUA€S 

■ Guaranteed 4.5nV/VHz 1 0Hz Noise 

■ Guaranteed 3.8nV/VHz 1 kHz Noise 

■ 0.1 Hz to 10Hz Noise, 60nVp-p, Typical 

■ Guaranteed 5 Million Min. Voltage Gain, Rl = 2ktl 

■ Guaranteed! Million Min. Voltage Gain, R|_= 6000 

■ Guaranteed 60/iV Max. Offset Voltage 

■ Guaranteed 1 .0#»V/°C Max. Drift with Temperature 

■ Guaranteed 11V//isec Min. Slew Rate(LT1037) 

■ Guaranteed 1 10dB Min. CMRR 


APPUCATIOAS 

■ Low Noise Signal Processing 

■ Microvolt Accuracy Threshold Detection 

■ Strain Gauge Amplifiers 

■ Direct Coupled Audio Gain Stages 

■ Sine Wave Generators 

■ Tape Head Preamplifiers 

■ Microwave Preamplifiers 


Low Noise, High Speed 
Precision Operational Amplifiers 

DCSCAIPTIOA 

Next to the LT1028, the LT1007/LT1037 series features the 
lowest noise performance available to date for monolithic 
operational amplifiers: 2.5nV/VHz wideband noise (less 
than the noise of a 4000 resistor), 1/f corner frequency of 
2Hz and 60nV peak to peak 0.1Hz to 10Hz noise. Low noise 
is combined with outstanding precision and speed speci- 
fications: 20/iV offset voltage, 0.3pV/°C drift, 126dB 
common-mode and power supply rejection, and 60MHz 
gain-bandwidth-product on the decompensated LT1037, 
which is stable for closed loop gains of 5 or greater. 

The voltage gain of the LT1007/LT1037 is an extremely high 
20 million driving a 2k0 load and 12 million driving a 600Q 
load to ± 10V. 

In the design, processing, and testing of the device, par- 
ticular attention has been paid to the optimization of the 
entire distribution of several key parameters. Conse- 
quently, the specifications have been spectacularly im- 
proved compared to competing amplifiers. 

The sine wave generator application shown below utilizes 
the low noise and low distortion characteristics of the 
LT1037. 


Ultra-Pure 1kHz Sine Wave Generator 


#327 Lamp. ^ 



R = 1591.50 ±.1% 
C = 0.1 (it ±.1% 


Total Harmonic Distortion = < .0025% 
Noise = < .0001% 

Amplitude = ± 8 volts 
Output Frequency = 1.000kHz for values 
given ±.4% 


0.1Hz to 10Hz Noise 



ma 


Hsani 

IjW 

UnnnrMInftii 


hh 


0 2 4 6 8 10 

TIME (SECONDS) 


rrunm 

TECHNOLOGY 


2-69 






LT1007CS/LT1037CS 


absolute mnximum rrtirgs 

Supply Voltage ±22V 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Differential Input Current (Note 5) ± 25mA 

Lead Temperature (Soldering, 10 sec.) 300°C 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 


PACKAGE/ORDER IRFORRIATIOA 



TOP VIEW 


ORDER PART NUMBER 

NC |T 



7 ] NC 


NC [7 

TRIM [I 

-IN [7 
+ IN [7 
v- [7 
NC [7 
NC [7 

*•** 


15] NC 

7] trim 

1 V + 

?2] OUTPUT 

7] NC 

7] NC 

H NC 

LT1007CS 

LT1037CS 



PART MARKING 



LT1007CS 

LT1037CS 


SI 6 PACKAGE 
PLASTIC SOL 



€L€CTRICRL CHARACTERISTICS V$= ±1 5V, Ta = 25°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1007C 

LT1037C 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

(Note 1) 


20 

60 

/tV 

Vos 

Long Term Input Offset Voltage 

(Notes 2 and 3) 


0.2 

1.0 

/tV/Mo 

ATime 

Stability 






'os 

Input Offset Current 



12 

50 

nA 

•b 

Input Bias Current 

i 


±15 

±55 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 3) 


0.06 

0.13 

pVp-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


2.8 

4.5 

nV/Vfiz 



f 0 = 1000Hz (Note 3) 


2.5 

3.8 

nV/VHz 

■n 

Input Noise Current Density 

f 0 = 10Hz (Note 3) 


1.5 

4.0 

pA/VHz 



f 0 = 1000Hz (Note 3) 


0.4 

0.6 

pA/VHz 


Input Resistance— Common-Mode 


5 | 

GO 


Input Voltage Range 


±11.0 

±12.5 


V 

CMRR 

Common-Mode Rejection Ratio 

V C M - ± 11V 

110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4Vto ± 18V 

106 

126 


dB 

a vol 

Large Signal Voltage Gain 

R L >2kQ,V 0 =±12V 

5.0 

20.0 


V/ M V 



R L >1kQ, V 0 = ± 10V 

3.5 

16.0 


V//tV 



R l >600G, V 0 = ±10V 

2.0 

12.0 


V/^V 

VoUT 

Maximum Output Voltage Swing 

R L >2kQ 

±12.5 

±13.5 


V 



R L >600fl 

±10.5 

±12.5 

i 

V 

SR 

Slew Rate LT1007 

R L >2kfi 

1.7 

2.5 


v/^s 


LT1037 

A VC l^5 

11 

15 


Mlfis 

GBW 

Gain-Bandwidth LT1007 

f 0 = 100kHz (Note 4) 

5.0 

8.0 


MHz 


Product LT1037 

f 0 = 10kHz (Note 4) (A VC l^5) 

45 

60 


MHz 

Zo 

Open Loop Output Resistance 

o 

II 

_o 

o 

II 

| 70 

Q 

Pd 

Power Dissipation LT1007 



80 

140 

mW 


LT1037 



85 

140 

mW 
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LT1007CS/LT1037CS 


eUCTRICM CHARACTERISTICS Vs = ± 1 5 V, 0°C <Ta< 70°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1007C/LT1037C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

• 

35 110 

mV 

AV 0S 

ATemp 

Average Input Offset Drift 

(Note 6) 

• 

0.3 1.0 

^V/° C 

•os 

Input Offset Current 


• 

15 70 

nA 

•b 

Input Bias Current 


• 

±20 ±75 

nA 


Input Voltage Range 


• 

±10.5 ±11.8 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 

• 

106 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4.5V to ± 18V 

• 

102 120 

dB 

a vol 

Large Signal Voltage Gain 

R L >2kfi, V 0 = ± 10V 

R L >1kfi, V 0 = ± 10V 

• 

• 

2.5 18.0 

2.0 14.0 

V//xV 

V/ M V 

V OUT 

Maximum Output Voltage Swing 

R L >2kfi 

• 

±12.0 ±13.6 

V 

Pd 

Power Dissipation 


• 

90 160 

mW 


The • denotes the specifications which apply over full operating tempera- 
ture range. 

Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. 

Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods after the first 30 days 
of operation. Excluding the initial hour of operation, changes in V 0 s during 
the first 30 days are typically 2.5*iV. 


Note 3: This parameter is tested on a sample basis only. 

Note 4: This parameter is guaranteed by design and is not tested. 

Note 5: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input volt- 
age exceeds ± 0.7V, the input current should be limited to 25mA. 

Note 6: The Average Input Offset Drift performance is within the specifica- 
tions unnulled or when nulled with a pot having a range of 8kfi to 20kQ. 
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FCflTURCS 


■ Guaranteed Bias Current 

25 °C lOOpA max. 

— 55°C to 125°C 600pA max. 

■ Guaranteed Offset Voltage 120 n\l max. 

■ Guaranteed Drift 1.5^V/ 0 Cmax. 

■ Low Noise, 0.1Hz to 10Hz 0.5/iVp-p 

■ Guaranteed Low Supply Current .... 600mA max. 

■ Guaranteed CMRR 114 dB min. 

■ Guaranteed PSRR 1 14 db min. 


■ Guaranteed Voltage Gain with 5mA 
load current 


flppucrmons 

■ Precision instrumentation 

■ Charge integrators 

■ Wide dynamic range logarithmic amplifiers 

■ Light meters 

■ Low frequency active filters 

■ Standard cell buffers 

■ Thermocouple amplifiers 


Picoamp Input Current, 
Microvolt Offset, 
Low Noise Op Amp 

DCSCRIPTIOn 

The LT 1008 is a universal precision operational ampli- 
fier which can be used in practically all precision ap- 
plications. The LT1008 combines for the first time 
picoampere bias currents (which are maintained over 
the full — 55°Cto 125°C temperature range) microvolt 
offset voltage (and low drift with time and tempera- 
ture), low voltage and current noise, and low power 
dissipation. Extremely high common-mode and power 
supply rejection ratios, and the ability to deliver 5mA 
load current with high voltage gain round out the 
LT 1008’s superb precision specifications. 

The all around excellence of the LT 1008 eliminates the 
necessity of the time consuming error analysis proce- 
dure of precision system design in many applications; 
the LT 1008 can be stocked as the universal precision 
op amp. 

The LT1008 is externally compensated with a single 
capacitor for additional flexibility in shaping the fre- 
quency response of the amplifier. It plugs into and up- 
grades all standard LM108A/308A applications. For 
an internally compensated version with even lower 
offset voltage but otherwise similar performance see 
the LT1012. 


Input Amplifier for 4V2 Digit Voltmeter 


/ 7 



Input Bias Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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LT1008 


absolute maximum ratirg 


Supply Voltage ±20V 

Differential Input Current (Note 1) ± 10mA 

Input Voltage ± 20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1008M — 55°Cto 125°C 

LT1008C 0°Cto 70°C 

Storage Temperature Range 

All Devices -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.). ..... 300°C 


PACKAGE /ORDER IRFORfYlRTIOn 


TOP VIEW 

ORDER PART NO. 

COMP 

COMP^, 

—IN (2}“£> — © OUT 

+ IN NC 

V— (CASE) 

METAL CAN H PACKAGE 

i 

LT1008MH 

LT1008CH 

C0MP1 1 C 
-IN 2 C 
+ IN 3d 
V- 4 C 

TOP VIEW 

□ 8 C0MP2 

□ 7 V + 

□ 6 OUT 

□ 5 NC 

LT1008CN8 

PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS V s = ± 15V, V C m = 0V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1008M 

TYP 

MAX 

MIN 

LT1008C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



30 

120 


30 

120 

mV 



Note 2 


40 

180 


40 

180 

mV 


Long Term Input Offset Voltage 










Stability 



0.3 



0.3 


^V/month 

•os 

Input Offset Current 



30 

100 


30 

100 

PA 



Note 2 


40 

150 


40 

150 

PA 

•b 

Input Bias Current 



±30 

±100 


±30 

±100 

PA 



Note 2 


±40 

±150 


±40 

±150 

PA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz 

0.5 ! 

0.5 | 

MVp-p 

®n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


17 

30 


17 

30 

nVVHz 



fo = 1000Hz (Note 4) 


14 

22 


14 

22 

nVVfiz 

in 

Input Noise Current Density 

f 0 = 10Hz 

20 i 

i 20 | 

fA/VHz 

Avol 

Large Signal Voltage Gain 

Vour = ±12V, R l ^ 10kf2 

200 

2000 


200 

2000 


V/mV 



V 0U T = ± 10V, R l ^ 2kl2 

120 

600 


120 

600 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V CM - ± 13.5V 

114 

132 


114 

132 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ±20V 

114 

132 


114 

132 


dB 


Input Voltage Range 


±13.5 

±14.0 


±13.5 

±14.0 


V 

VOUT 

Output Voltage Swing 

R l = lOkfi 

±13 

±14 


±13 

±14 


V 


Slew Rate 

C, = 30pF 

0.1 

0.2 


0.1 

0.2 


V/;usec 

Is 

Supply Current 

Note 2 


380 

600 


380 

600 

mA 
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LT1008 


ELECTRICAL CHARACTERISTICS V s = ± 15V, V CM = OV, 0°C ^ T A < 70°C for the LT1008C and 

-55°C < T a < 125°C for the LT1008M, unless otherwise noted. 






LT1008M 


LT1008C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 




50 

250 


40 

180 

mV 



Note 2 

• 


60 

320 


50 

250 

mV 


Average Temperature Coefficient of 
Input Offset Voltage 


• 


0.2 

1.5 


0.2 

1.5 

M v/°c 

los 

Input Offset Current 


• 


60 

250 


40 

180 

PA 



Note 2 



80 

350 


50 

250 

PA 


Average Temperature Coefficient of 
Input Offset Current 


• 


0.4 

2.5 


0.4 

2.5 

pA/°C 

•b 

Input Bias Current 


• 


±80 

±600 


±40 

±180 

PA 


Note 2 

• 


±150 

±800 


±50 

±250 

PA 


Average Temperature Coefficient of 
Input Bias Current 




0.6 

6.0 


0.4 

2.5 

pA/°C 

Avol 

Large Signal Voltage Gain 

V 0UT = ± 12V, R l 2 * lOkft 

• 

100 

1000 


150 

1500 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V CM * ± 13.5V 

• 

108 

128 


110 

130 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2.5V to ±20V 

• 

108 

126 


110 

128 


dB 


Input Voltage Range 



±13.5 

±13.5 

V 

VoUT 

Output Voltage Swing 

R l - lOkfl 

• 

±13 

±14 


±13 

±14 


V 

Is 

Supply Current 


• 


400 

800 


400 

800 

mA 


The • denotes the specifications which apply over the full operating temperature range. 

Note 1: Differential input voltages greater than IV will cause excessive current to flow through the input protection diodes unless current limiting 
resistors are used. 

Note 2: These specifications apply for ±2V ^ V s < ±20V (±2.5V < V s < ±20V over the temperature range) and -13.5V < V C m < 13.5V (for 
V s = ± 15V). 

Note 3: 10Hz noise voltage density is sample tested on every lot. Devices 100% tested at 10Hz are available on request. 

Note 4: This parameter is tested on a sample basis only. 


frequeacv compensnrnon circuits 

Standard Compensation Circuit Alternate* Frequency Compensation 


R1 R2 



* * BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/C f 


R1 R2 



* IMPROVES REJECTION OF POWER 
SUPPLY NOISE BY A FACTOR OF 5. 

** BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/C S 


FOR -==- > 200 NO EXTERNAL FREQUENCY COMPENSATION IS NECESSARY 
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OFFSET VOLTAGE DRIFT WITH TEMPERATURE GuV/°C) 


LT1008 


TVPicm pcRFonmnncc charactcristics 


Offset Voltage Drift vs Source Resistance 
(Balanced or Unbalanced) 



SOURCE RESISTANCE (OHMS) 


Offset Voltage vs Source Resistance 
(Balanced or Unbalanced) 



SOURCE RESISTANCE (OHMS) 


Input Bias Current Over 



-15 -10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE 



0 1 2 3 4 5 

TIME AFTER POWER ON (MINUTES) 


Long Term Stability of Four 



0 1 2 3 4 5 


TIME (MONTHS) 


Offset Voltage Drift with Temperature 
of Four Representative Units 



■ 60 1 1 1 1 1 1 1 1 

-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 



SUPPLY VOLTAGE 


Output Short Circuit Current vs Time 
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LT 1 008 


TVPicm. pcRfonmnncc characteristics 


0.1Hz to 10Hz Noise 



0 2 4 6 8 10 

TIME (SECONDS) 


Voltage Gain vs Frequency 



0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



Gain. Phase Shift vs Frequency Gain. Phase Shift vs Frequency 



0.01 0.1 1 10 0.01 0.1 1 10 


FREQUENCY (MHz) FREQUENCY (MHz) 



Common Mode Rejection vs Frequency 



FREQUENCY (Hz) 



0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


umm 
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LT1008 


Large Signal Transient Response 



A v = +1, C s = lOOpF, 20/xsec/DIV 


Slew Rate vs Compensation Capacitance 



O 20 40 60 80 100 

COMPENSATION CAPACITOR (pF) 


Large Signal Transient Response 



A v = + 1, Cf = 30pF, 20/uSec/DIV 



Rppucnrions mFORmmrion 

Achieving Picoampere/Microvolt Performance 

In order to realize the picoampere — microvolt level 
accuracy of the LT1008, proper care must be exer- 
cised. For example, leakage currents in circuitry exter- 
nal to the op amp can significantly degrade 
performance. High quality insulation should be used 
(e.g. Teflon, Kel-F); cleaning of all insulating surfaces 
to remove fluxes and other residues will probably be 
required. Surface coating may be necessary to pro- 
vide a moisture barrier in high humidity environments. 

Board leakage can be minimized by encircling the in- 
put circuitry with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations 
the guard ring should be tied to ground, in non-invert- 


ing connections to the inverting input at pin 2. Guard- 
ing both sides of the printed circuit board is required. 
Bulk leakage reduction depends on the guard ring 
width. Nanoampere level leakage into the compensa- 
tion terminals can affect offset voltage and drift with 
temperature. 
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Applications inFORmnTion 

Microvolt level error voltages can also be generated in 
the external circuitry. Thermocouple effects caused by 
temperature gradients across dissimilar metals at the 
contacts to the input terminals can exceed the inher- 
ent drift of the amplifier. Air currents over device leads 
should be minimized, package leads should be short, 
and the two input leads should be as close together as 
possible and maintained at the same temperature. 


The LT1008 is specified over a wide range of power- 
supply voltages from ±2V to ±18V. Operation with 
lower supplies is possible down to ± 1 ,0V (two Ni-Cad- 
batteries). 


Test Circuit for Offset Voltage and its Drift with Temperature 

R1 

*50k 



Noise Testing 


The 0.1 Hz to 10Hz peak-to-peak noise of the LT1008 is 
measured in the test circuit shown. The frequency re- 
sponse of this noise tester indicates that the 0.1Hz 
corner is defined by only one zero. The test time to 
measure 0.1Hz to 10Hz noise should not exceed 10 
seconds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.1Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f corner frequency. 

Current noise is measured in the circuit shown and 
calculated by the following formula where the noise of 
the source resistors is subtracted. 


0.1Hz to 10Hz Noise Test Circuit 


0.1/iF 



[e 2 no - (820nV) 2 f 
40MO X 100 
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nppucmions mFORmmion 

Frequency Compensation 

The LT 1008 is externally frequency compensated with 
a single capacitor. The two standard compensation 
circuits shown on page 3 are identical to the LM108A/ 
308A frequency compensation schemes. Therefore, 
the LT1008 operational amplifiers can be inserted di- 
rectly into LM108A/308A sockets, with similar AC 
and upgraded DC performance. 

External frequency compensation provides the user 
with additional flexibility in shaping the frequency re- 
sponse of the amplifier. For example, for a voltage gain 
of ten, and C f = 3pF, a gain bandwidth product of 
5MHz and slew rate of 1.2V/^sec can be realized. For 
closed loop gains in excess of 200, no external com- 
pensation is necessary, and slew rate increases to 
4V//Ksec. The LT1008 can also be overcompensated 
(i.e. C f > 30pFor C s > lOOpF) to improve capacitive 
load handling capability or to narrow noise band- 

inverter Feedforward Compensation 


C2 
5 pF 



Follower Feedforward Compensation 

30pF 



width. In many applications, the feedback loop around 
the amplifier has gain (e.g. logarithmic amplifiers); 
overcompensation can stabilize these circuits with a 
single capacitor. 

The availability of the compensation terminals permits 
the use of feedforward frequency compensation to en- 
hance slew rate in low closed loop gain configurations. 
The inverter slew rate is increased to 1.4V/jusec. The 
voltage follower feedforward scheme bypasses the 
amplifier’s gain stages and slews at nearly lOV/^sec. 

The inputs of the LT1008 are protected with back-to- 
back diodes. Current limiting resistors are not used, 
because the leakage of these resistors would prevent 
the realization of picoampere level bias currents at ele- 
vated temperatures. In the voltage follower configura- 
tion, when the input is driven by a fast, large signal 
pulse (> IV), the input protection diodes effectively 
short the output to the input during slewing, and a cur- 
rent, limited only by the output short circuit protection 
will flow through the diodes. 

The use of a feedback resistor, as shown in the voltage 
follower, feedforward diagram, is recommended be- 
cause this resistor keeps the current below the short 
circuit limit, resulting in faster recovery and settling of 
the output. 



5/usec/DIVISION 
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RPPUCflTIOnS 


Logarithmic Amplifier 



Low bias current and offset voltage of the LT 1008 allow 4Vz decades 
of voltage input logging. 


+ - TEL. LABS, TYPE Q81 
* = 1% FILM RESISTOR 
Q1 = 2N2979 


Amplifier for Bridge Transducers 


Saturated Standard Cell Amplifier 



SATURATED 
STANDARD , 

CELL 

> nj 

EPPLEYLABS > R 1 

NEWPORT, R.l. ] 


Amplifier For Photodiode Sensor 


The typical 30pA bias current of the LT1008 will degrade the standard 
cell by only 1 ppm /year. Noise is a fraction of a ppm. Unprotected' 
gate MOSFET isolates standard cell on power down. 




mm* Vqut = 10V/ m A 


t ioo pf 


Five Decade Kelvin-Varley Divider Buffered by the LT1008 


100k 

KELVIN-VARLEY 
DIVIDER > 

ESI #DP3 1 1 | 
00000 - 
99999 + 1 


OUTPUT 


Approximate error due to noise, bias current, common-mode rejection, 
voltage gain of the amplifier is 1/5 of a least significant bit. 


u\sm 
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LT 1 008 



Ammeter With Six Decade Range 


01, Q2, 03, Q4, RCA CA3146 TRANSISTOR ARRAY. 
CALIBRATION: ADJUST R1 FOR FULL SCALE 
DEFLECTION WITH 1 f ,A INPUT CURRENT 



CURRENT INPUT 


Ammeter measures currents from lOOpA to lOO^A 
without the use of expensive high value resistors. Ac- 
curacy at 100m A is limited by the offset voltage be- 
tween Q1 and Q2 and, at lOOpA, by the inverting bias 
current of the LT1 008. 


XTUD5SK 
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PACKAGE D6SCAIPTIOA 


H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 
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LT1010 

Fast± 150mA Power Buffer 


F€ATUA€S 


DCSCAIPTIOA 


■ 20MHz Bandwidth 

■ 75V//is Slew Rate 

■ Drives ± 10V into 75Q 

■ 5mA Quiescent Current 

■ Drives Capacitive Loads >1/iF 

■ Current and Thermal Limit 

■ Operates from Single Supply >4.5V 

■ Very Low Distortion Operation 


APPUCATIOAS 

■ Boost Op Amp Output 

■ Isolate Capacitive Loads 

■ Drive Long Cables 

■ Audio Amplifiers 

■ Video Amplifiers 

■ Power Small Motors 

■ Operational Power Supply 

■ FET Driver 


The LT1010 is a fast, unity-gain buffer that can increase 
the output capability of existing 1C op amps by more than 
an order of magnitude. This easy-to-use part makes fast 
amplifiers less sensitive to capacitive loading, reduces 
thermal feedback in precision dc amplifiers and is recom- 
mended for a wide range of fast and slow applications. 

Designed to be incorporated within the feedback loop, the 
buffer can isolate almost any reactive load. Internal 
operating currents are essentially unaffected by supply or 
output voltage, accounting for the 4.5V to 40V supply volt- 
age range with unchanged specifications. Single-supply 
operation is also practical. 

This monolithic 1C is supplied in an 8-pin miniDIP and three 
standard power packages: the solid kovar base TO-5 
(TO-39), the steel TO-3 and the plastic TO-220. The low ther- 
mal resistance power packages are an aid in reducing 
operating junction temperatures. With the TO-3, TO-220, 
and miniDIP packages, an option is available to raise 
quiescent current and improve speed. The miniDIP version 
is supplied for those applications not requiring high power 
dissipation or where board space is a premium. 

In the TO-39 package, the LT1010 can sometimes replace 
the hybrid LH0002. With the exception of speed it exceeds 
key specifications and fault protection is vastly superior. 
Further, the lower thermal resistance package and higher 
maximum operating temperature of the new monolithic 
circuit allow more usable output. 


Very Low Distortion Buffered Pre-Amplifier 



"• n nrnir TrT" 
yooT=iov p - p 1 1 
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absolute mnximum ratiags 


Total Supply Voltage ±22V 

Continuous Output Current ± 150mA 

Continuous Power Dissipation (Note 1) 

LT1010MK 5.0W 

LT1010CK 4.0W 

LT1010CT 4.0W 

LT1010MH 3.1W 

LT1010CH 2.5W 

LT1010CN8 0.75W 


Input Current (Note 2) ± 40mA 

Operating Junction Temperature 

LT1010M -55°Cto150°C 

LT1010C 0°CtOl25°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCCOflDITIOninG 

100% Thermal Limit Burn in 
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LT1010 


ELECTRICAL CHARflCT€RISTICS(seeNote3 .Typical values incurves) 


SYMBOL 

PARAMETER 

CONDITIONS (NOTE 3) 

LT1010M 

MIN MAX 

LT1010C 

MIN MAX 

UNITS 

v os 

Output Offset Voltage 

Note 3 


20 

110 

0 

150 

mV 




• 

-10 

220 

-20 

220 

mV 



V s = ± 15V, V,n = 0 


40 

90 

20 

100 

mV 

*B 

Input Bias Current 

I O ut = 0 


0 

150 

0 

250 

/*A 



Iqut— 150mA 


0 

250 

0 

500 





• 

0 

300 

0 

800 


A v 

Large Signal Voltage Gain 


• 

0.995 

1.00 

0.995 

1.00 

V/V 

r out 

Output Resistance 

I 0 ut= ±1mA 


6 

9 

5 

10 

Q 



(out = ± 150mA 


6 

9 

5 

10 

0 




• 


12 


12 

fl 


Slew Rate 

V s = ± 15V, V|n= ±10V 









Vqut = — sv, r l =i ooq 


75 


75 


V//tS 

v sos + 

Positive Saturation Offset 

Note 4, Iout = 0 



1.0 


1.0 

V 




• 


1.1 


1.1 

V 

v sos~ 

Negative Saturation Offset 

Note 4, Iout=0 



0.2 


0.2 

V 




• 


0.3 


0.3 

V 

r sat 

Saturation Resistance 

Note 4, I 0 ut= ± 150mA 



18 


22 

Q 




• 


24 


28 

Q 

Vbias 

Bias Terminal Voltage 

Note 5, Rbias = 20Q 


750 

810 

700 

840 

mV 




• 

560 

925 

560 

880 

mV 

Is 

Supply Current 

Iout=°. l BiAS = ° 



8 


9 

mA 




• 


9 


_J0 i 

mA 


Note 1: For case temperatures above 25°C, dissipation must be derated 
based on a thermal resistance of 25°C/W with the K and T packages, 
40°C/W with the H package, and 130°C/W for N8 package for ambient 
temperatures above 25°C. See applications information. 

Note 2: In current limit or thermal limit, input current increases sharply 
with input-output differentials greater than 8V; so input current must be 
limited. Input current also rises rapidly for input voltages 8V above V + or 
0.5V below V". 

Note 3: Specifications apply for 4.5V <V S < 40V, V~ + 0.5V<V| N <V + -1.5V 
and Iqut = 0, unless otherwise stated. Temperature range is 
-55°C<Tj<150°C, T c <125°C, for the LT1010M and 0°C <Tj< 125°C, 
T c <100°C,fortheLT1010C.The • denotes the specifications that apply 
over the full temperature range. 


Note 4: The output saturation characteristics are measured with lOOmV 
output clipping. See applications information for determining available 
output swing and input drive requirements for a given load. 

Note 5: With the TO-3 and TO-220 packages, output stage quiescent cur- 
rent can be increased by connecting a resistor between the bias pin and V + . 
The increase is equal to the bias terminal voltage divided by this 
resistance. 
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TVPICAl PCRFORfflAACe CHARACTERISTICS 



0 10 20 30 40 

QUIESCENT CURRENT (mA) 



0 10 20 30 

TIME (ns) 


Slew Response 



-50 0 50 100 150 200 250 

TIME (ns) 


Phase Lag 



5 I I LA I I-.L-L..U ! I 

2 5 10 20 

FREQUENCY (MHz) 


Output Impedance 



0.1 1.0 10 100 
FREQUENCY (MHz) 


Negative Slew Rate 



0 10 20 30 40 

QUIESCENT CURRENT (mA) 


Phase Lag 



5 I I LA U 1 - L, L 1 1 l I 

2 5 10 20 

FREQUENCY (MHz) 


Capacitive Loading 



0.1 1.0 10 100 
FREQUENCY (MHz) 


Supply Current 



0 1 2 3 4 5 

FREQUENCY (MHz) 
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SATURATION VOLTAGE (V) p p GAIN (V/V) 0 OFFSET VOLTAGE (mV) 


LTIOIO 


typical P€RFonmnncc chrrrctcristics 


Output Offset Voltage Input Bias Current Input Bias Current 



-50 0 50 100 150 -50 0 50 100 150 -150 -100 -50 0 50 100 150 

TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT CURRENT (mA) 



Voltage Gain Output Resistance Output Noise Voltage 



-50 0 50 100 150 -50 0 50 100 150 10 100 Ik 10k 


TEMPERATURE (°C) TEMPERATURE (°C) FREQUENCY (Hz) 


Positive Saturation Voltage Negative Saturation Voltage Supply Current 



50 

0 50 100 

150 

-50 

0 50 100 

150 

0 

10 20 30 


TEMPERATURE (°C) 



TEMPERATURE (°C) 



TOTAL SUPPLY VOLTAGE (V) 
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APPUCflTIOnS MFORfflATlOA 

General 

These notes briefly describe the LT1010 and how it is used; 
a detailed explanation is given elsewhere*. Emphasis here 
will be on practical suggestions that have resulted from 
working extensively with the part over a wide range of 
conditions. A number of applications are also outlined 
that demonstrate the usefulness of the buffer beyond that 
of driving a heavy load. 


Equivalent Circuit 

Below 1MHz, the LT1010 is quite accurately represented 
by the equivalent circuit shown here for both small and 
large signal operation. The internal element, A1, is an ide- 
alized buffer with the unloaded gain specified for the 
LT1010. Otherwise, it has zero offset voltage, bias current 
and output resistance. Its output also saturates to the in- 
ternal supply terminals! 


Design Concept 

The schematic below describes the basic elements of the 
buffer design. The op amp drives the output sink 
transistor, Q3, such that the collector current of the output 
follower, Q2, never drops below the quiescent value 
(determined by H and the area ratio of D1 and D2). As a re- 
sult, the high frequency response is essentially that of a 
simple follower even when Q3 is supplying the load cur- 
rent. The internal feedback loop is isolated from the ef- 
fects of capacitive loading by a small resistor in the output 
lead. 


v+ 




The scheme is not perfect in that the rate of rise of sink 
current is noticeably less than for source current. This can 
be mitigated by connecting a resistor between the bias 
terminal and V + , raising quiescent current. A feature of 
the final design is that the output resistance is largely 
independent of the follower quiescent current or the out- 
put load current. The output will also swing to the nega- 
tive rail, which is particularly useful with single-supply 
operation. 


Loaded voltage gain can be determined from the unloaded 
gain, Ay, the output resistance, Rout, and the load re- 
sistance, Rl, using: 

AyR L 

Avl_ Rout+Rl 


Maximum positive output swing is given by: 


V0UT + = 


(V + -V SOS + )Rl 
Rsat+Rl 


The input swing required for this output is: 

Vin + =V 0 ut + (h^-Vos+aVqs, 

where AVos is the lOOmV clipping specified for the satura- 
tion measurements. Negative output swing and input drive 
requirements are similarly determined. 


*R. J. Widlar, “Unique 1C Buffer Enhances Op Amp Designs; Tames Fast 

Amplifiers,” Linear Technology Corp. TP-1, April, 1984. t See electrical characteristics section for guaranteed limits. 


xt \m 


2-91 





LT1010 


APPUCATIOAS lAFOAmATIOn 

Supply Bypass 

The buffer is no more sensitive to supply bypassing than 
slower op amps, as far as stability is concerned. The O.tyF 
disc ceramic capacitors usually recommended for op 
amps are certainly adequate for low frequency work. As al- 
ways, keeping the capacitor leads short and using a 
ground plane is prudent, especially when operating at 
high frequencies. 

The buffer slew rate can be reduced by inadequate supply 
bypass. With output current changes much above 100mA/ 
n s, using 10/iF solid tantalum capacitors on both supplies 
is good practice, although bypassing from the positive to 
the negative supply may suffice. 

When used in conjunction with an op amp and heavily 
loaded (resistive or capacitive), the buffer can couple into 
supply leads common to the op amp causing stability 
problems with the overall loop and extended settling time. 
Adequate bypassing can usually be provided by %F solid 
tantalum capacitors. Alternately, smaller capacitors could 
be used with decoupling resistors. Sometimes the op amp 
has much better high frequency rejection on one supply, 
so bypass requirements are less on this supply. 


Power Dissipation 

In many applications, the LT1010 will require heat sinking. 
Thermal resistance, junction to still air is 150°C/W for the 
TO-39 package, 100°C/W for the TO-220 package, 60°C/W 
for the TO-3 package, and 130°C/W for the miniDIP pack- 
age. Circulating air, a heat sink, or mounting the package 
to a printed circuit board will reduce thermal resistance. 

In dc circuits, buffer dissipation is easily computed. In ac 
circuits, signal waveshape and the nature of the load 
determine dissipation. Peak dissipation can be several 


times average with reactive loads. It is particularly im- 
portant to determine dissipation when driving large load 
capacitance. 

With ac loading, power is divided between the two output 
transistors. This reduces the effective thermal resistance, 
junction to case, to 30°C/W for the TO-39 package and 
15°C/W for the TO-3 and TO-220 packages, as long as the 
peak rating of neither output transistor is exceeded. The 
typical curves indicate the peak dissipation capabilities of 
one output transistor. 

Overload Protection 

The LT1010 has both instantaneous current limit and ther- 
mal overload protection. Foldback current limiting has not 
been used, enabling the buffer to drive complex loads 
without limiting. Because of this, it is capable of power 
dissipation in excess of its continuous ratings. 

Normally, thermal overload protection will limit dissipa- 
tion and prevent damage. However, with more than 30V 
across the conducting output transistor, thermal limiting 
is not quick enough to insure protection in current limit. 
The thermal protection is effective with 40V across the 
conducting output transistor as long as the load current is 
otherwise limited to 150mA. 

Drive Impedance 

When driving capacitive loads, the LT1010 likes to be driven 
from a low source impedance at high frequencies. Certain 
low power op amps (e.g., the LM10) are marginal in this re- 
spect. Some care may be required to avoid oscillations, 
especially at low temperatures. 

Bypassing the buffer input with more than 200pF will solve 
the problem. Raising the operating current also works, but 
this cannot be done with the TO-39 package. 
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Parallel Operation 


v+ 



Parallel operation provides reduced output impedance, 
more drive capability and increased frequency response 
under load. Any number of buffers can be directly paral- 
leled as long as the increased dissipation in individual 
units caused by mismatches of output resistance and off- 
set voltage is taken into account. 

When the inputs and outputs of two buffers are connected 
together, a current, AIout, flows between the outputs: 

. Vosi-Vos2 
0UT ~ Routi + R0UT2’ 

where Vos and Rout are the offset voltage and output re- 
sistance of the respective buffers. 

Normally, the negative supply current of one unit will in- 
crease and the other decrease, with the positive supply 
current staying the same. The worst case (Vin-V + ) 
increase in standby dissipation can be assumed to be 
AIout Vt, where Vt is the total supply voltage. 

Offset voltage is specified worst case over a range of sup- 
ply voltages, input voltage and temperature. It would be 
unrealistic to use these worst case numbers above be- 
cause paralleled units are operating under identical condi- 
tions. The offset voltage specified for Vs= ± 15V, Vin = 0 
and Ta = 25°C will suffice for a worst case condition. 


Output load current will be divided based on the output 
resistance of the individual buffers. Therefore, the avail- 
able output current will not quite be doubled unless output 
resistances are matched. As for offset voltage, the 25°C 
limits should be used for worst case calculations. 

Parallel operation is not thermally unstable. Should one 
unit get hotter than its mates, its share of the output and 
its standby dissipation will decrease. 

As a practical matter, parallel connection needs only some 
increased attention to heat sinking. In some applications, 
a few ohms equalization resistance in each output may be 
wise. Only the most demanding applications should re- 
quire matching, and then just of output resistance at 
25°C. 

Isolating Capacitive Loads 



The inverting amplifier above shows the recommended 
method of isolating capacitve loads. Non-inverting ampli- 
fiers are handled similarly. 

At lower frequencies, the buffer is within the feedback 
loop so that its offset voltage and gain errors are negligi- 
ble. At higher frequencies, feedback is through Cf, so that 
phase shift from the load capacitance acting against the 
buffer output resistance does not cause loop instability. 

Stability depends upon the RfC| time constant, or the 
closed loop bandwidth. With an 80kHz bandwidth, ringing 
is negligible for Cl=0.068aF and damps rapidly for 
Cl= 0.33/tF. The pulse response is shown in the graph. 
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Small signal bandwidth is reduced by Cf, but considerable 
isolation can be obtained without reducing it below the 
power bandwidth. Often, a bandwidth reduction is desir- 
able to filter high frequency noise or unwanted signals. 




If the integrating capacitor must be driven from the buffer 
output, the circuit above can be used to provide capacitive 
load isolation. As before, the stability with large capaci- 
tive loads is determined by RfCf. 

Wideband Amplifiers 

This simple circuit provides an adjustable gain video am- 
plifier which will drive IVp-p into 758. The differential pair 
provides gain, with the LT1010 serving as an output stage. 
Feedback is arranged in the conventional manner, al- 
though the 68/iF - 0.01 combination limits dc gain to unity 
for all gain settings. For applications sensitive to NTSC re- 
quirements, dropping the 258 output stage bias value will 
aid performance. 


The follower configuration is unique in that capacitive 
load isolation is obtained without a reduction in small 
signal bandwidth, although the output impedance of the 
buffer comes into play at high frequencies. The precision 
unity-gain buffer above has a 10MHz bandwidth without 
capacitive loading, yet it is stable for all load capacitance 
to over 0.3/tF, again determined by RfCf. 

This is a good example of how fast op amps can be made 
quite easy to use by employing an output buffer. 

Integrator 

A low pass amplifier can be formed just by using large Cf 
in the inverter described earlier, as long as the increasing 
closed loop output impedance above the cutoff frequency 
is not a problem and the op amp is capable of supplying 
the required current at the summing junction. 


+ 15V TYPICAL SPECIFICATIONS 
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This shows the buffer being used with a wideband ampli- 
fier that is not unity-gain stable. In this case, Cl cannot be 
used to isolate large capacitive loads. Instead, it has an 
optimum value for a limited range of load capacitances. 

The buffer can cause stability problems in circuits like 
this. With the TO-3 and TO-220 packages, behavior can be 
improved by raising the quiescent current with a 200 resis- 
tor from the bias terminal to V + . Alternately, devices in the 
TO-39 package or miniDIP can be operated in parallel. 

It is possible to improve capacitive load stability by 
operating the buffer class-A at high frequencies. This is 
done by using quiescent current boost and bypassing the 
bias terminal to V" with more than 0.02/iF. 


R2 

1.6k 



OUTPUT 


Putting the buffer outside the feedback loop as shown 
here will give capacitive load isolation, with large output 


capacitors only reducing bandwidth. Buffer offset, re- 
ferred to the op amp input, is divided by the gain. If the 
load resistance is known, gain error is determined by the 
output resistance tolerance. Distortion is low. 


R3 

800 



OUTPUT 1 


OUTPUT 2 


The 50Q video line splitter here puts feedback on one 
buffer, with the others slaved. Offset and gain accuracy of 
slaves depend on their matching with master. 

When driving long cables, including a resistor in series 
with the output should be considered. Although it reduces 
gain, it does isolate the feedback amplifier from the ef- 
fects of unterminated lines which present a resonant load. 

When working with wideband amplifiers, special attention 
should always be paid to supply bypassing, stray capaci- 
tance and keeping leads short. Direct grounding of test 
probes, rather than the usual ground lead, is absolutely 
necessary for reasonable results. 

The LT1010 has slew limitations that are not obvious from 
standard specifications. Negative slew is subject to 
glitching, but this can be minimized with quiescent cur- 
rent boost. The appearance is always worse with fast rise 
signal generators than in practical applications. 


rrunm 
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Track and Hold 

The 5MHz track and hold shown here has a 400kHz power 
bandwidth driving ± 10V. A buffered input follower drives 
the hold capacitor, C4, through Q1, a low resistance FET 
switch. The positive hold command is supplied by TTL 
logic, with Q3 level shifting to the switch driver, Q2. The 
output is buffered by A3. 

When the gate is driven to V - for HOLD, it pulls charge 
out of the hold capacitor. A compensating charge is put 
into the hold capacitor through C3. The step into hold is 
made independent of the input level with R7 and adjusted 
to zero with RIO. 


Since internal dissipation can be quite high when driving 
fast signals into a capacitive load, using a buffer in a 
power package is recommended. Raising buffer quiescent 
current to 40mA with R3 improves frequency response. 

This circuit is equally useful as a fast acquisition sample 
and hold. An LF156 might be used for A3 to reduce drift in 
hold because its lower slew rate is not usually a problem 
in this application. 



*2N2369 EMITTER BASE JUNCTION 
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Current Sources 

A standard op amp voltage to current converter with a 
buffer to increase output current is shown here. As usual, 
excellent matching of the feedback resistors is required to 
get high output resistance. Output is bi-directional. 


± 150mA output capability. High frequency output char- 
acteristics will depend on the bandwidth and slew rate of 
the amplifiers. Both these circuits have an equivalent out- 
put capacitance of about 30nF. 


Voltage/Current Regulator 


R1 

100k 

0 . 01 % 

Vi — WVr 


R3 

100k 

0 . 01 % 

V2 — AM- 



0.01 % 


This circuit uses an instrumentation amplifier to eliminate 
the matched resistors. The input is not high impedance 
and must be driven from a low impedance source like an 
op amp. Reversal of output sense can be obtained by 
grounding pin 7 of the LM163 and driving pin 5. 


This circuit regulates the output voltage at Vy until the 
load current reaches a value programmed by V|. For heav- 
ier loads, it is a precision current regulator. 




Output resistances of several megohms can be obtained 
with both circuits. This is impressive considering the 


With output currents below the current limit, the current 
regulator is disconnected from the loop by D1, with D2 
keeping its output out of saturation. This output clamp en- 
ables the current regulator to get control of the output cur- 
rent from the buffer current limit within a microsecond for 
an instantaneous short. 

In the voltage regulation mode, A1 and A2 act as a fast 
voltage follower using the capacitive load isolation tech- 
nique described earlier. Load transient recovery as well as 
capacitive load stability are determined by Cl. Recovery 
from short circuit is clean. 

Bi-directional current limit can be obtained by adding an- 
other op amp connected as a complement to A3. 


r \ INC AIN 
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Supply Splitter 

Dual supply op amps and comparators can be operated 
from a single supply by creating an artificial ground at half 
the supply voltage. The supply splitter shown here can 
source or sink 150mA. 



The output capacitor, C2, can be made as large as neces- 
sary to absorb current transients. An input capacitor is 


also used on the buffer to avoid high frequency instability 
that can be caused by high source impedance. 

High Current Booster 

The circuit below uses a discrete stage to get 3A output 
capacity. The configuration shown provides a clean, quick 
way to increase LT1010 output power. It is useful for high 
current loads, such as linear actuator coils in disk drives. 

The 338 resistors sense the LTIOIO's supply current, with 
the grounded 1008 resistor supplying a load for the 
LT1010. The voltage drop across the 338 resistors biases 
Q1 and Q2. Another 1008 value closes a local feedback 
loop, stabilizing the output stage. Feedback to the LT1056 
control amplifier is via the 10k value. Q3 and Q4, sensing 
across the 0.188 units, furnish current limiting at about 
3.3A. 


15pF 



2-98 


XTUDSi 




LT1010 


Wideband FET Input Stabilized Buffer 

The figure below shows a highly stable unity gain buffer 
with good speed and high input impedance. Q1 and Q2 
constitute a simple, high speed FET input buffer. Q1 func- 
tions as a source follower, with the Q2 current source load 
setting the drain-source channel current. The LT1010 
buffer provides output drive capability for cables or what- 
ever load is required. Normally, this open loop configura- 
tion would be quite drifty because there is no dc feedback. 
The LTC1050 contributes this function to stabilize the cir- 
cuit. ft does this by comparing the filtered circuit output to 
a similarly filtered version of the input signal. The ampli- 
fied difference between these signals is used to set Q2’s 
bias, and hence QTs channel current. This forces QTs 
Vqs to whatever voltage is required to match the circuit’s 
input and output potentials. The 2000pF capacitor at A1 
provides stable loop compensation. The RC network in 
Al’s output prevents it from seeing high speed edges cou- 
pled through Q2’s collector-base junction. A2’s output is 
also fed back to the shield around Ql's gate lead, boot- 
strapping the circuit’s effective input capacitance down to 
less than IpF. 


Gain Trimmable Wideband FET Amplifier 

A potential difficulty with the previous circuit is that the 
gain is not quite unity. The figure labelled (A) on the next 
page maintains high speed and low bias while achieving a 
true unity gain transfer function. 

This circuit is somewhat similar, except that the Q2-Q3 
stage takes gain. A2 dc stabilizes the input-output path, 
and A1 provides drive capability. Feedback is to Q2’s emit- 
ter from Al’s output. The Ik adjustment allows the gain to 
be precisely set to unity. With the LT1010 output stage 
slew and full power bandwidth (IVp-p) are 100V//is and 
10MHz, respectively. - 3dB bandwidth exceeds 35MHz. At 
A = 10 (e.g., 1 k adjustment set at 50ft) full power bandwidth 
stays at 10MHz while the - 3dB point falls to 22MHz. 

With the optional discrete stage, slew exceeds 1000V/pS 
and full power bandwidth (1Vp-p) is 18MHz. — 3dB band- 
width is 58MHz. At A = 10, full power is available to 10MHz, 
with the - 3dB point at 36MHz. 
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Figures A and B show response with both output stages. 
The LT1010 is used in Figure A (Trace A = input, Trace 
B = output). Figure B uses the discrete stage and is slightly 


faster. Either stage provides more than adequate perfor- 
mance for driving video cable or data converters, and the 
LT1012 maintains dc stability under all conditions. 



(A) (B) 

Gain Trimmable Wideband FET Amplifier 



A=0.2V/DIV 

B=0.2V/DIV 


HORIZONTAL = 10ns/DIV 



Figure A. Waveforms Using LT1 010 


Figure B. Waveforms Using Discrete Stage 
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Output Offset Voltage: The output voltage measured with 
reference to the input. 

Input Bias Current: The current out of the input terminal. 

Large Signal Voltage Gain: The ratio of the output voltage 
change to the input voltage change over the specified in- 
put voltage range.* 

Output Resistance: The ratio of the change in output volt- 
age to the change in load current producing it.* 

Output Saturation Voltage: The voltage between the out- 
put and the supply rail at the limit of the output swing to- 
ward that rail. 

Saturation Offset Voltage: The output saturation voltage 
with no load. 


Saturation Resistance: The ratio of the change in output 
saturation voltage to the change in current producing it, 
going from no load to full load.* 

Slew Rate: The average time rate of change of output volt- 
age over the specified output range with an input step be- 
tween the specified limits. 

Bias Terminal Voltage: The voltage between the bias 
terminal andV + . 

Supply Current: The current at either supply terminal with 
no output loading. 

‘Pulse measurements (~ 1ms) as required to minimize thermal effects. 


SCHCmflTIC DIRGRftm (excluding protection circuits) 
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PACKAGC DESCRIPTOR Dimensions in inches (millimeters) unless otherwise noted. 


H Package 

4-Lead TO-39 Metal Can 
(Kovar Base) 



K Package 

4-Lead TO-3 Metal Can 
(Steel) 





Tjmax 

6jc 

LT1010M 

150°C 

25°C/W 

LT1010C 

125°C 

25°C/W 


T Package 

5-Lead TO-220 Plastic 
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Picoamp Input Current, 
Microvolt Offset, 
Low Noise Op Amp 


F€ATUR€S 


DCSCRIPTIOR 


OP-07 Type Performance 
at 1/8th of OP-07’s Supply Current 
at 1/20th of OP-07’s Bias and Offset Currents 
Guaranteed Offset Voltage 25/tV Max 

Guaranteed Bias Current lOOpAMax 

Guaranteed Drift 0.6/tV/°C Max 

Low Noise, 0.1 Hz to 10Hz 0.5/jVp-p 

Guaranteed Low Supply Current 500/tA Max 

Guaranteed CMRR 114dB Min 

Guaranteed PSRR 114dB Min 

Guaranteed Operation @ ± 1.2V Supplies 


RPPUCRTIOAS 

■ Replaces OP-07 While Saving Power 

■ Precision Instrumentation 

■ Charge Integrators 

■ Wide Dynamic Range Logarithmic Amplifiers 

■ Light Meters 

■ Low Frequency Active Filters 

■ Thermocouple Amplifiers 


The LT1012 is an internally compensated universal 
precision operational amplifier which can be used in 
practically all precision applications. The LT1012 
combines picoampere bias currents (which are 
maintained over the full -55°C to 125°C tempera- 
ture range), microvolt offset voltage (and low drift 
with time and temperature), low voltage and current 
noise, and low power dissipation. The LT1012 
achieves precision operation on two Ni-Cad batter- 
ies with ImW of power dissipation. Extremely high 
common mode and power supply rejection ratios, 
practically unmeasurable warm-up drift, and the 
ability to deliver 5mA load current with a voltage 
gain of one million round out the LT1012’s superb 
precision specifications. 

The all around excellence of the LT1012 eliminates 
the necessity of the time consuming error analysis 
procedure of precision system design in many ap- 
plications; the LT1012 can be stocked as the univer- 
sal internally compensated precision op amp. 

Protected by U.S. patents 4,575,685 and 4,775,884 


± 250V Common Mode Range Instrumentation Amplifier (Ay = 1) 


R1 R5 



COMMON MODE REJECTION RATIO = 74dB (RESfSTOR LIMITED) 
WITH OPTIONAL TRIM = 130dB 
OUTPUT OFFSET (TRIMMABLE TO ZERO) = 500/iV 
OUTPUT OFFSET DRIFT = 1 0/A// °C 
INPUT RESISTANCE = 1M 


Typical Distrubution of Input 
Offset Voltage 



INPUT OFFSET VOLTAGE ( M V) 
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absolute mnximum nnnnGS 


Supply Voltage ±20V 

Differential Input Current (Note 1) ± 10mA 

Input Voltage ±20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1012AM, LT1012M -55°Cto125°C 

LT1012AC, LT1012C, 

LT1012D, LT1012S8 0°Cto70°C 

Storage Temperature Range 
All Devices - 65°C to 150°C 


Lead Temperature (Soldering, 10 sec.) 300°C 



TOP VIEW 
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ELECTRICAL CHARACTERISTICS Vs = ± 15V, Vcm = 0V, Ta = 25°C, unless otherwise noted. 
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LT1012M 



LT1012C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V OS 

Input Offset Voltage 



8 

25 


8 

35 


10 

50 

mV 



(Note 2) 


20 

90 


20 

90 


25 

120 

mV 


Long Term Input Offset 

Voltage Stability 


0.3 

0.3 

0.3 

/iV/month 

•os 

Input Offset Current 



15 

100 


15 

100 


20 

150 

PA 



(Note 2) 


25 

150 


25 

150 


30 

200 

PA 

•b 

Input Bias Current 



±25 

±100 


±25 

±100 


±30 

±150 

PA 



(Note 2) 


±35 

±150 


±35 

±150 


±40 

±200 

PA 


Input Noise Voltage 

0.1 Hz to 10Hz 

0.5 j 

1 0.5 ! 

1 0-5 ! 

pV p-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


17 

30 


17 

30 


17 

30 

nVVHz 



f 0 = 1000Hz (Note 4) 


14 

22 


14 

22 


14 

22 

nvVRz 

•n 

Input Noise Current Density 

f 0 = 10Hz 

20 

1 1 

20 | 

fA/Vfiz 

A V0L 

Large Signal Voltage Gain 

V 0 U t= ± 12 V, R L >10kfi 

300 

2000 


300 

2000 


200 

2000 


V/mV 



V 0 ut= ± 10 V, R L >2kQ 

300 

1000 


200 

1000 


200 

1000 


V/mV 

CMRR 

Common Mode Rejection Ratio 

Vcm =± 13.5V 

114 

132 


114 

132 


110 

132 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 1.2V to ±20V 

114 

132 


114 

132 


110 

132 


dB 


Input Voltage Range 


±13.5 

±14.0 


±13.5 

±14.0 


±13.5 

±14.0 


V 

V OUT 

Output Voltage Swing 

R L = lOkfi 

±13 

±14 


±13 

±14 


±13 

±14 


V 


Slew Rate 


0.1 

0.2 


0.1 

0.2 


0.1 

0.2 


Mln sec 

•s 

Supply Current 



370 

500 


380 

- 


380 

— 

/*A 



(Note 2) 


380 

600 


380 

600 


380 

600 

mA 
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eieCTRICAl CHARACTERISTICS V$ = ± 1 5V, Vcm = OV, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1012D 

TYP 

MAX 

MIN 

LT1012S8 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



12 

60 


15 

120 




(Note 2) 


25 

- 


25 

180 

mV 


Long Term Input Offset 


i 

0.3 



0.4 


/iV/month 


Voltage Stability 









•os 

Input Offset Current 



20 

150 


50 

280 

pA 



(Note 2) 


30 

— 


60 

380 

PA 

•b 

Input Bias Current 



±30 

±150 


±80 

±300 

PA 

. 


(Note 2) 


±40 

- 


±120 

±400 

PA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz 

1 A 1 

1 0.5 

I*v p-p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 4) 


17 

30 


17 

30 

nVVHz 



f 0 = 1000Hz (Note 4) 


14 

22 


14 

22 

nVVRz 

•n 

Input Noise Current Density 

f 0 = 10Hz 

20 ! 

20 

fA/VHz 

a vol 

Large Signal Voltage Gain 

V OU T=±12V,R L >10kQ 

200 

2000 


200 

2000 


V/mV 



Vqut = ± 10 V, Rl >2kfi 

200 

1000 

i 

120 

1000 


V/mV 

CMRR 

Common Mode Rejection Ratio 

Vcm =± 13.5V 

110 

132 

i 

110 

132 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 1.2V to ± 20V 

110 

132 


110 

132 


dB 


Input Voltage Range 


±13.5 

±14.0 


±13.5 

±14.0 


V 

V OUT 

Output Voltage Swing 

R l = 10kQ 

±13 

±14 


±13 

±14 


V 


Slew Rate 


0.1 

0.2 

. 

0.1 

0.2 


V//iSec 

Is 

Supply Current 

(Note 2) 


380 

600 


380 

600 

mA 


€l€CTMCAl CHARACTERISTICS V s = ± 15V, V C m = 0V, -55°C<Ta< 125°C, unless otherwise noted. 






LT1012AM 



LT1012M 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 


• 


30 

60 


30 

180 

mV 



(Note 2) 

• 


40 

180 


40 

250 

mV 


Average Temperature Coefficient of 
Input Offset Voltage 


• 


0.2 

0.6 


0.2 

1.5 

^V/°C 

•os 

Input Offset Current 


• 


30 

250 


30 

250 

PA 



(Note 2) 

• 


70 

350 


70 

350 

PA 


Average Temperature Coefficient of 
Input Offset Current 


• 


0.3 

2.5 


0.3 

2.5 

pA/°C 

•b 

Input Bias Current 


• 


±80 

±600 


±80 

±600 

PA 



(Note 2) 

• 


±150 

±800 


±150 

±800 

PA 


Average Temperature Coefficient of 
Input Bias Current 


• 


0.6 

6.0 


0.6 

6.0 

pA/°C 

Avol 

Large Signal Voltage Gain 

V OU T=±12V,R L >10kU 

• 

200 

1000 


150 

1000 


V/mV 



V O uT=±10V,R L >2kQ 

• 

200 

600 


100 

600 


V/mV 

CMRR 

Common Mode Rejection Ratio 

V C M=± 13.5V 

• 

110 

128 

1 

108 

128 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 1 .5V to ± 20V 

• 

110 

126 


108 

126 


dB 


Input Voltage Range 


• 

±13.5 

±13.5 

V 

V OUT 

Output Voltage Swing 

R L = 10kQ 

• 

±13 

±14 


±13 

±14 


V 

•s 

Supply Current 


• 


400 

650 


400 

800 

(■A 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Differential input voltages greater than IV will cause excessive cur- 
rent to flow through the input protection diodes unless limiting resistance 
is used. 


Note 2: These specifications apply for V M | N < V s < ± 20 V and 
- 1 3.5V < V CM < 1 3.5V (for V s = ±15V). V M(N = ±1.2Vat25°C, ± 1.3V from 
0°C to 70°C, ± 1.5V from -55°Cto125°C. 

Note 3: 10Hz noise voltage density is sample tested on every lot. Devices 
100% tested at 10Hz are available on request. 

Note 4: This parameter is tested on a sample basis only. 


xtuosss 
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LT1012A/U1012 


dCCnUCM CHARACTC RISTICS Vs = ± 15V, Vcm = OV, 0°C<Ta< 70°C, unless otherwise noted. 






LT1012AC 



LT1012C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 




20 

60 


20 

100 

mV 



(Note 2) 



30 

160 


30 

200 

mV 


Average Temperature Coefficient of 
Input Offset Voltage 




0.2 

0.6 


0.2 

1.0 

/iV/° C 

•os 

Input Offset Current 




25 

230 


35 

230 

pA 



(Note 2) 

• 


40 

300 


45 

300 

PA 


Average Temperature Coefficient of 
Input Offset Current 




0.3 

2.5 


0.3 

2.5 

pA/°C 

•b 

Input Bias Current 


• 


±35 

±230 


±35 

±230 

pA 



(Note 2) 

• 


±50 

±300 


±50 

±300 

pA 


Average Temperature Coefficient of 
Input Bias Current 


• 


0.3 

2.5 


0.3 

2.5 

pA/°C 

a vol 

Large Signal Voltage Gain 

V O uT=±12V,R L >10kfl 


200 

1500 


150 

1500 


V/mV 



Vqut- - 10V, R(_>2kfl 

• 

200 

1000 


150 

800 


V/mV 

CMRR 

Common Mode Rejection Ratio 

Vcm =± 13.5V 


110 

130 


108 

130 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 1.3V to ±20V 

• 

110 

128 


108 

128 


dB 


Input Voltage Range 


• 

±13.5 

±13.5 

V 

VoUT 

Output Voltage Swing 

R L = 10k0 

• 

±13 

±14 


±13 

±14 


V 

Is 

Supply Current 


• 


400 

600 


400 

800 

mA 


€l€CTRICAl CHARACTERISTICS Vs = ± 15V, Vcm = OV, 0°C<Ta< 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1012D 

MIN TYP MAX 

LT1012S8 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 2) 

• 

25 140 

40 

30 200 

45 270 

pV 

ev 


Average Temperature Coefficient of 
Input Offset Voltage 


• 

0.3 1.7 

0.3 1.8 

/iV/°C 

•os 

Input Offset Current 

(Note 2) 

• 

• 

35 380 

45 

60 380 

80 500 

PA 

PA 


Average Temperature Coefficient of 
Input Offset Current 


• 

0.35 4.0 

0.4 4.0 

pA/°C 

•b 

Input Bias Current 

(Note 2) 

• 

• 

±50 ±420 

±65 

±100 ±420 

±150 ±550 

PA 

PA 


Average Temperature Coefficient of 
Input Bias Current 


• 

0.4 5.0 

0.5 5.0 

pA/°C 

Avol 

Large Signal Voltage Gain 

V 0U t= ± 12 V, R L > lOkfi 
Vqut = ± 10 V, R|_>2kfl 

• 

• 

150 1500 

150 800 

150 1500 

100 800 

V/mV 

V/mV 

CMRR 

Common Mode Rejection Ratio 

V CM =± 13.5V 

• 

108 130 

108 130 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 1 .3V to ± 20V 

1 

• 

108 128 

108 128 

dB 


Input Voltage Range 



±13.5 

±13.5 

V 

Vout 

Output Voltage Swing 

R L =10kG 

• 

±13 ±14 

±13 ±14 

V 

•s 

Supply Current 


• 

400 800 

400 800 

f*A 



Optional Offset Nulling and Over-Compensation Circuits 
Input offset voltage can be adjusted over a ±800 /tV 
range with a 5k to 100k potentiometer. 

The LT1012 is internally compensated for unity gain 
stability. The over-compensation capacitor, Cs, can 
be used to improve capacitive load handling capa- 
bility, to narrow noise bandwidth, or to stabilize cir- 
cuits with gain in the feedback loop. 
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LT1012A/LT1012 


TYPICAL PCRPORfflflnCe CHARACTERISTICS 


Offset Voltage vs Source 
Resistance (Balanced or 
Unbalanced) 


Typical Distribution of Input Bias 
Current 


Typical Distribution of Input 
Offset Current 



Ik 3k 10k 30k 100k 300k 1M 3M 10M 
SOURCE RESISTANCE (O) 



INPUT BIAS CURRENT (pA) 



INPUT OFFSET CURRENT (pA) 


Input Bias Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Warm-Up Drift 



TIME AFTER POWER ON (MINUTES) 


Input Bias Current Over Common 
Mode Range 


Offset Voltage Drift vs Source 
Resistance (Balanced or 
Unbalanced) 



Long Term Stability of Four 



0 1 2 3 4 5 


TIME (MONTHS) 


Offset Voltage Drift with 
Temperature of Four 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


xrmm 
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LT1012A/LT1012 


TVPICAl PCRFORfllRRCe CHARACTERISTICS 


0.1 Hz to 10Hz Noise Noise Spectrum 




II II 

. H- tn 

°c 

1.2V TO 

— 

±20V 







iA 













• 


0 2 4 6 8 10 

TIME (SECONDS) 



1 10 100 1000 
FREQUENCY (Hz) 


Total Noise vs Source Resistance 



SOURCE RESISTANCE (Q) 


Common Mode Rejection vs 
Supply Current vs Supply Voltage Frequency 


Power Supply Rejection vs 
Frequency 



Voltage Gain vs Frequency 



0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Gain, Phase Shift vs Frequency 


Voltage Gain vs Load Resistance 



0.01 0.1 1 10 
FREQUENCY (MHz) 



1 2 5 10 20 

LOAD RESISTANCE (kfl) 
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LT1012A/LT1012 


TVPICAl P€RFORmnnC€ CHARACTERISTICS 


Small Signal Transient Response 


Small Signal Transient Response Large Signal Transient Response 



Ay = +1, Clo/\d = 100pF, 5/iS/DIV 


Output Short Circuit Current vs 
Time 


Slew Rate, Gain Bandwidth 
Product vs Over-Compensation 
Capacitor 


Closed Loop Output Impedance 



Common Mode Range and 
Voltage Swing at Minimum Supply 
Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Minimum Supply Voltage, Voltage 
Gain at Vmin 



u\m 
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LT1012A/LT1012 


AppucATions inFonmATion 

The LT1012 may be inserted directly into OP-07, 
LM11, 108A or 101 A sockets with or without removal 
of external frequency compensation or nulling com- 
ponents. The LT1012 can also be used in 741, LF411, 
LF156 or OP-15 applications provided that the nul- 
ling circuitry is removed. 

Although the OP-97 is a copy of the LT1012, the 
LT1012 directly replaces and upgrades OP-97 ap- 
plications. The LT1012C and D have lower offset 
voltage and drift than the OP-97F. The LT1012A has 
lower supply current than the OP-97 A/E. In addition, 
all LT1012 grades guarantee operation at ±1.2V 
supplies. 


board is required. Bulk leakage reduction depends 
on the guard ring width. Nanoampere level leakage 
into the offset trim terminals can affect offset volt- 
age and drift with temperature. 

Microvolt level error voltages can also be generated 
in the external circuitry. Thermocouple effects 
caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can ex- 
ceed the inherent drift of the amplifier. Air currents 
over device leads should be minimized, package 
leads should be short, and the two input leads 
should be as close together as possible and main- 
tained at the same temperature. 


Achieving Picoampere/Microvolt Performance 

In order to realize the picoampere/microvolt level 
accuracy of the LT1012, proper care must be exer- 
cised. For example, leakage currents in circuitry 
external to the op amp can significantly degrade 
performance. High quality insulation should be used 
(e.g. Teflon, Kel-F); cleaning of all insulating 
surfaces to remove fluxes and other residues will 
probably be required. Surface coating may be neces- 
sary to provide a moisture barrier in high humidity 
environments. 

Board leakage can be minimized by encircling the in- 
put circuitry with a guard ring operated at a potential 
close to that of the inputs: iri inverting configura- 
tions the guard ring should be tied to ground, in 
non-inverting connections to the inverting input at 
pin 2. Guarding both sides of the printed circuit 


OFFSET TRIM 



Noise Testing 

For application information on noise testing and 
calculations, please see the LT1008 data sheet. 

Frequency Compensation 

The LT1012 can be overcompensated to improve 
capacitive load handling capability or to narrow 
noise bandwidth. In many applications, the feedback 
loop around the amplifier has gain (e.g. logarithmic 
amplifiers); overcompensation can stabilize these 
circuits with a single capacitor. 

The availability of the compensation terminal per- 
mits the use of feedforward frequency compensa- 
tion to enhance slew rate. The voltage follower 
feedforward scheme bypasses the amplifier’s gain 
stages and slews at nearly 10V/(tS. 

The inputs of the LT1012 are protected with back- 
to-back diodes. Current limiting resistors are not 
used, because the leakage of these resistors would 
prevent the realization of picoampere level bias cur- 
rents at elevated temperatures. In the voltage fol- 
lower configuration, when the input is driven by a 
fast, large signal pulse (>1V), the input protection 
diodes effectively short the output to the input dur- 
ing slewing, and a current, limited only by the output 
short circuit protection will flow through the diodes. 
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LT1012A/LT1012 


APPUCATIOAS MFORfflATIOn 


The use of a feedback resistor, as shown in the volt- short circuit limit, resulting in faster recovery and 
age follower feedforward diagram, is recommended settling of the output, 
because this resistor keeps the current below the 


Test Circuit for Offset Voltage 

and its Drift with Temperature Follower Feedforward Compensation 


50k- 



50pF 



‘RESISTORS MUST HAVE LOW THERMOELECTRIC 
POTENTIAL 


Pulse Response of Feedforward 
Compensation 



TYPICAL APPLICATION 

Ammeter with Six Decade Range 


10k 



XTUtm 
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LT1012A/LT1012 


TYPICAL APPUCATIOAS 


Instrumentation Amplifier with ± 100V Common Mode Range Low Power Comparator with < IlfyV Hysteresis 



Air Flow Detector 


Input Amplifier for 4 1/2 Digit Voltmeter 


2 


15V 



AT AMBIENT 

MOUNT R1 IN AIRFLOW. 
ADJUST R2 SO OUTPUT 
GOES HIGH WHEN AIRFLOW 
STOPS. 



RATIO MATCH ±0.01% 


1000V TO IV FULL SCALE 
ANALOG TO DIGITAL 
CONVERTER 


FN507 

ALLEN BRADLEY 
DECADE VOLTAGE DIVIDER 


THIS APPLICATION REQUIRES LOW BIAS CUR- 
RENT AND OFFSET VOLTAGE, LOW NOISE, AND 
LOW DRIFT WITH TIME AND TEMPERATURE. 


Resistor Multiplier 


“No Trims” 12-Bit Multiplying DAC Output Amplifier 
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LT1012A/LT1012 


SCHCfflATIC DIAGRAffl 



PACKAGC DCSCRIPTIOR Dimensions in inches (millimeters) unless otherwise noted. 


H Package 

8-Lead TO-5 Metal Can 


N Package 
8-Lead Plastic DIP 


SO Package 
8-Lead Plastic SOIC 
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LT1012S8 


/TUntAB 

TECHNOLOGY 


F€ATUft€S 


■ Internally Compensated 

■ Guaranteed Off set Voltage 

■ Guaranteed Bias Current 

120/tV Max. 

25°C 

300pA Max. 

0°C to 70°C 

380pA Max. 

■ Guaranteed Drift 

1.8/»V/°C Max. 

■ Low Noise, 0.1 Hz to 10Hz 

0.5/iVp-p 

■ Guaranteed Low Supply Current 

600/iA Max. 

■ Guaranteed CMRR 

IIOdBMin. 

■ Guaranteed PSRR 

IIOdBMin. 


■ Guaranteed Voltage Gain with 5mA Load Current 

APPUCflTIOnS 

■ Precision Instrumentation 

■ Charge Integrators 

■ Wide Dynamic Range Logarithmic Amplifiers 

■ Light Meters 

■ Low Frequency Active Filters 

■ Standard Cell Buffers 

■ Thermocouple Amplifiers 


Picoamp Input Current 
Microvolt Offset 
Low Noise Op Amp 

DCSCAIPTIOn 

The LT1012 is an internally compensated universal preci- 
sion operational amplifier which can be used in practically 
all precision applications. The LT1012 combines picoam- 
pere bias currents (which are maintained over the full 0°C 
to 70°C temperature range), microvolt offset voltage (and 
low drift with time and temperature), low voltage and cur- 
rent noise, and low power dissipation. Extremely high 
common-mode and power supply rejection ratios, practi- 
cally unmeasurable warm-up drift, and the ability to deliv- 
er 5mA load current with a voltage gain of a million round 
out the LT1012’s superb precision specifications. 

The all around excellence of the LT1012 eliminates the 
necessity of the time consuming error analysis procedure 
of precision system design in many applications; the 
LT1012 can be stocked as the universal internally compen- 
sated precision op amp. 


Kelvin-Sensed Platinum Temperature Sensor Amplifier 



platinum sensor and reduces errors 
from 1 2°C to 0 004 °C over the 
— 50°C to 150°C range 


R 4 at 50°C for V 0 = 
in the order indicated 


Offset Voltage vs Source Resistance 
(Balanced or Unbalanced) 



Ik 3k 10k 30k 100k 300k 1M 3M 10M 
SOURCE RESISTANCE (0) 


L TW 
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LT1012S8 


absolute maximum ratiags 


PACKAG€/OAD€A MFOAfflATIOfl 


Supply Voltage ±20 V 

Differential Input Current (Note 1) ± 10mA 

Input Voltage ±20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 

V 0S TRIM 
-IN 
+ IN 

v- 

S8 PACKAGE 
PLASTIC SO 


m 

ul 

ti- 
ll I 




3 Vos TRIM 
7] V+ 

3 OUT 
3 OVERCOMP 


ORDER PART 
NUMBER 


LT1012S8 


PART MARKING 
1012 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Vqm = 0V, Ta = 25°C, unless othemise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1012S8 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



10 

120 

mV 



Note 2 


25 

180 

mV 


Long Term Input Offset Voltage Stability 


0.3 | 

MV/month 

•os 

Input Offset Current 



50 

280 

pA 



Note 2 


60 

380 

PA 

•b 

Input Bias Current 



±80 

±300 

PA 



Note 2 


±120 

±400 

pA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz 

1 0.5 ! 

pVp-p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


17 

30 

nV/VHz 



f 0 = 1000Hz (Note 3) 


14 

22 

nV/Vfiz 

*n 

Input Noise Current Density 

f 0 = 10Hz 

| 20 I 

fWVHz 

A VOL 

Large Signal Voltage Gain 

V 0U t=± 12V, R L >10kO 

200 

2000 


V/mV 



V O ut=± 10V, R L >2kQ 

120 

1000 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

Vcm=± 13.5V 

110 

132 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2V to ± 20V 

110 

132 


dB 


Input Voltage Range 


±13.5 

±14.0 


V 

V OUT 

Output Voltage Swing 

33 

i— 

ii 

O 

E 

±13 

±14 


V 


Slew Rate 


0.1 

0.2 


V/ms 

•s 

Supply Current 

Note 2 


380 

600 

mA 
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LT1012S8 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Vcm = OV, 0°C <, Ta< 70°C, unless otherwise noted. 






LT1012S8 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


20 

200 

/tV 



Note 2 

• 


30 

270 



Average Temperature Coefficient of Input 
Offset Voltage 


• 


0.2 

1.8 

fiWC 

•os 

Input Offset Current 


• 


60 

380 

pA 



Note 2 

• 


80 

500 

PA 


Average Temperature Coefficient of Input 
Offset Current 


• 


0.4 

4 

pA/°C 

•b 

Input Bias Current 


• 


±100 

±420 

pA 



Note 2 

• 


±150 

±550 

PA 


Average Temperature Coefficient of 

Input Bias Current 


• 


0.5 

5 

pA/°C 

a vol 

Large Signal Voltage Gain 

Vqut = — 12V, RL>10kG 

• 

150 

1500 


V/mV 



V OU T=±10V, R L >2kfi 

• 

100 

800 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V cw =± 13.5V 

• 

108 

130 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2.5V to ±20V 

• 

108 

128 


dB 


Input Voltage Range 


• 

±13.5 

V 

V OUT 

Output Voltage Swing 

R L =10kfl 

• 

±13 

±14 


V 

h 

Supply Current 


• 


400 

800 

/*A 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Differential input voltages greater than IV will cause excessive cur- 
rent to flow through the input protection diodes unless limiting resistance 
is used. 


Note2: These specifications apply for ±2V<V S < ±20V(±2.5V<V S < 
± 20V over the temperature range) and - 13.5V< V C m < 13.5V (for 
V s = ±15V). 

Note 3: This parameter is tested on a sample basis only. 


XTUDS® 
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LT1013/LT1014 


rrunm. 

TECHNOLOGY 

KATUACS 

■ Single Supply Operation 

Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 

■ Pin Compatible to 1458 and 324 with Precision Specs 

■ Guaranteed Offset Voltage 1 50/tV Max . 

• Guaranteed Low Drift 2^V/°CMax. 

■ Guaranteed Offset Current 0.8nA Max. 

• Guaranteed High Gain 

5mA Load Current 1.5 Million Min. 

17mA Load Current 0.8 Million Min. 

■ Guaranteed Low Supply Current 500/iA Max. 

■ Low Voltage Noise, O.IHztolOHz 0.55/tVp-p 

■ Low Current Noise— Better than 0P-07, 0.07 pA/ VHz 


APPUCATIOAS 

■ Battery-Powered Precision Instrumentation 

Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 
Instrumentation Amplifiers 

■ 4mA-20mA Current Loop Transmitters 

■ Multiple Limit Threshold Detection 

■ Active Filters 

■ Multiple Gain Blocks 


Quad Precision Op Amp (LT1014) 
Dual Precision Op Amp (LT1013) 

DCSCAIPTIOA 

The LT1014 is the first precision quad operational 
amplifier which directly upgrades designs in the industry 
standard 14-pin DIP LM324/LM348/0P-11/4156 pin 
configuration. It is no longer necessary to compromise 
specifications, while saving board space and cost, as 
compared to single operational amplifiers. 

The LT1014’s low offset voltage of 50/iV, drift of 0.3/*V/°C, 
offset current of 0.1 5nA, gain of 8 million, common-mode 
rejection of 117dB, and power supply rejection of 120dB 
qualify it as four truly precision operational amplifiers. Par- 
ticularly important is the low offset voltage, since no offset 
null terminals are provided in the quad configuration. 
Although supply current is only 350/<A per amplifier, a new 
output stage design sources and sinks in excess of 20mA of 
load current, while retaining high voltage gain. 

Similarly, the LT1 01 3 is the first precision dual op amp in 
the 8-pin industry standard configuration, upgrading the 
performance of such popular devices as the MC1458/ 
1558, LM158 and OP-221. The LT1013’s specifications 
are similar to (even somewhat better than) the LT1014’s. 

Both the LT1 01 3 and LT1 01 4 can be operated off a single 
5 V power supply: input common-mode range includes 
ground; the output can also swing to within a few 
millivolts of ground. Crossover distortion, so apparent on 
previous single-supply designs, is eliminated. A full set 
of specifications is provided with ±15V and single 5V 
supplies. 


3 Channel Thermocouple Thermometer 


LT1014 Distribution of Offset Voltage 


4k 1M 



OUTPUT A 
10mV/°C 


OUTPUT B 
10mV/°C 


rem £*■ Tip 


■ 




M 





1 








1 

1 




■ 

■ 

■ 
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■ 

15 

■ 

I 

■ 



p 

51 

■ 


9 
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rrimm 

TECHNOLOGY 
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LT1013/LT1014 


absolute mnximum ratiags package/oader iaforaiatioa 


Supply Voltage ±22V 

Differential I nput Voltage ± 30V 

Input Voltage Equal to Positive Supply Voltage 

5V Below Negative Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 
LT1013AM/LT1013M/ 

LT1014AM/LT1014M -55°Cto125°C 

LT1013AC/1013C/1013D 

LT1014AC/ 1014C/ 1014D 0°Cto70°C 

Storage Temperature Range 

All Grades -65°Cto150°C 

Lead Temperature (Soldering, lOsec.) 300°C 


V + 



ORDER PART 
NUMBER 


LT1013AMH 

LT1013MH 

LT1013ACH 

LT1013CH 



HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 


TOP VIEW 


LT1013AMJ8 

LT1013MJ8 

LT1013ACJ8 

LT1013CJ8 

LT1013CN8 

LT1013DN8 


OUTPUT A [7 
— IN A [T 

+ina[7 

V+U 

+ INBH 

-IN b[? 
OUTPUT B [7 




OUTPUT D 
13] —IN D 
JU + IN D 

Ti]v- 

To|+inc 

j]-IN C 
7] OUTPUT C 


LT1014AMJ 

LT1014MJ 

LT1014ACJ 

LT1014CJ 

LT1014CN 

LT1014DN 


HERMETIC DIP J14 PACKAGE 
PLASTIC DIP N14 PACKAGE 


ELECTRICAL CHARACTERISTICS 

V$= ±15V, Vcm=0V, Ta= 25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1013AM 

LT1013AC 

LT1014AM 

LT1014AC 

TYP 

MAX 

LT1013M/LT1013C 

LT1013DN8 

LT1014M/LT1014C 

LT1014DN 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 

LT1013 

— 

40 

150 

— 

60 

300 




LT 1014 

— 

50 

180 

— 

60 

300 

/*V 



LT1013DN8/LT1014DN 

— 

- 

— 

- 

200 

800 

/*v 


Long Term Input Offset Voltage 


— 

0.4 

- 

- 

0.5 

- 

/iV/Mo. 


Stability 









'os 

Input Offset Current 


- 

0.15 

0.8 

- 

0.2 

1.5 

nA 

'b 

Input Bias Current 


- 

12 

20 

- 

15 

30 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz 

- 

0.55 

- 

- 

0.55 

- 

/iVp-p 

e n 

Input Noise Voltage Density 

f 0 =10Hz 

— 

24 

— 

— 

24 

- 

nV/VHz 



f 0 = 1000Hz 

— 

22 

— 

— 

22 

— 

nV/Vfiz 

'n 

Input Noise Current Density 

f 0 = 10Hz 

- 

0.07 

- 

- 

0.07 

- 

pA/ViHz 


Input Resistance— Differential 

(Note 1) 

100 

400 

— 

70 

300 

— 

Mfi 


Common-Mode 


— 

5 

- 

- 

4 

- 

GQ 
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LT1013/LT1014 


ELECTRICAL CHARACTERISTICS 

Vs= ±15V, Vcm = OV, Ta = 25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1013AM 

LT1013AC 

LT1014AM 

LT1014AC 

TYP 

MAX 

LT1013M/LT1013C 

LT1013DN8 

LT1014M/LT1014C 

LT1014DN 

MIN TYP MAX 

UNITS 

a vol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

1.5 

8.0 

— 

1.2 

7.0 

— 

V/^V 



V 0 = ± 10V, R L = 60012 

0.8 

2.5 

— 

0.5 

2.0 

— 



Input Voltage Range 


+ 13.5 

+ 13.8 

- 

+ 13.5 

+ 13.8 

- 

V 




-15.0 

-15.3 

— 

-15.0 

-15.3 

— 

V 

CMRR 

Common- Mode Rejection Ratio 

V CM =+ 13.5V, -15.0V 

100 

117 

- 

97 

114 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2V to ± 18V 

103 

120 

- 

100 

117 

- 

dB 


Channel Separation 

V 0 =±10V, R L = 2k 

123 

140 

- 

120 

137 

- 

dB 

V 0UT 

Output Voltage Swing 

R L = 2k 

±13 

±14 

- 

±12.5 

±14 

- 

V 


Slew Rate 


0.2 

0.4 

- 

0.2 

0.4 

- 

\l/n s 

Is 

Supply Current 

Per Amplifier 

- 

0.35 

0.50 

- 

0.35 

0.55 

mA 


Note 1 : This parameter is guaranteed by design and is not tested. 

Typical parameters are defined as the 60% yield of parameter distribu- 
tions of individual amplifiers; i.e., out of 100 LT1014S (or 100 
LT1013s) typically 240 op amps (or 120) will be better than the in- 
dicated specification. 

ELECTRICAL CHARACTERISTICS 

V s + = +5V, V s ~=0V, V 0U t = 1.4V, V cm = 0V, T a = 25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1013AM 

LT1013AC 

LT1014AM 

LT1014AC 

TYP 

MAX 

LT1013M/LT1013C 

LT1013DN8 

LT1014M/LT1014C 

LT1014DN 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 

LT 1013 

— 

60 

250 

— 

90 

450 

AV 



LT 1014 

— 

70 

280 

— 

90 

450 

aV 



LT 101 3DN8/LT1014DN 

- 

- 

- 

- 

250 

950 

aV 

•os 

Input Offset Current 


- 

0.2 

1.3 

- 

0.3 

2.0 

nA 

•b 

Input Bias Current 


- 

15 

35 

- 

18 

50 

nA 

a vol 

Large Signal Voltage Gain 

V 0 = 5mV to 4V, R L = 50012 

- 

1.0 

- 

- 

1.0 

- 

V/>V 


Input Voltage Range 


+ 3.5 

+ 3.8 

- 

+ 3.5 

+ 3.8 

- 

V 




0 

-0.3 

— 

0 

-0.3 

— 

V 

Vour 

Output Voltage Swing 

Output Low, No Load 


15 

25 

— 

15 

25 

mV 



Output Low, 60012 to Ground 

~ 

5 

10 

— 

5 

10 

mV 



Output Low, l S | NK = 1mA 


220 

350 

— 

220 

350 

mV 



Output High, No Load 

4.0 

4.4 

— 

4.0 

4.4 

— 

V 



Output High, 60012 to Ground 

3.4 

4.0 

- 

3.4 

4.0 

- 

V 

•s 

Supply Current 

Per Amplifier 

- 

0.31 

0.45 

- 

0.32 

0.50 

mA 


xrura 
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LT1013/LT1014 


ELECTRICAL CHARACTERISTICS V s = ±15V, Vcm=OV, -55°C<Tfl<125°C unless otherwise noted 






LT1013AM 


LT1014AM 


LT1013M/LT1014M 

UNITS 

SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


V OS 

Input Offset Voltage 

V s = +5V, OV; V 0 = + 1.4V 

• 

— 

80 

300 

— 

90 

350 

— 

110 

550 

aV 



-55°C <T a <100°C 

• 

— 

80 

450 

— 

90 

480 

— 

100 

750 

aV 



Vcm = 0.1V,T a = 125°C 


— 

120 

450 

— 

150 

480 

— 

200 

750 

aV 



Vcm=0V,T a =125°C 


- 

250 

900 

- 

300 

960 

- 

400 

1500 

aV 


Input Offset Voltage Drift 

(Note 2) 

• 

- 

0.4 

2.0 

- 

0.4 

2.0 

- 

0.5 

2.5 

/iV/°C 

•os 

Input Offset Current 


• 

- 

0.3 

2.5 

- 

0.3 

2.8 

- 

0.4 

5.0 

nA 



V s = + 5V, OV; V 0 = + 1.4V 

• 

— 

0.6 

6.0 

— 

0.7 

7.0 

— 

0.9 

10.0 

nA 

•b 

Input Bias Current 


• 

— 

15 

30 

— 

15 

30 

— 

18 

45 

nA 



V s = + 5V, OV; V 0 = +1.4V 

• 

- 

20 

80 

— 

25 

90 

— 

28 

120 

nA 

a vol 

Large Signal Voltage 

Gain 

V 0 =±10V, R L =2k 

• 

0.5 

2.0 

— 

0.4 

2.0 

— 

0.25 

2.0 

— 

V//*V 

CMRR 

Common- Mode Rejection 

V C M= + 13 0V, -14.9V 

• 

97 

114 

- 

96 

114 

- 

94 

113 

- 

dB 

PSRR 

Power Supply Rejection 
Ratio 

V s = ± 2V to ± 18V 

• 

100 

117 

— 

100 

117 

— 

97 

116 

— 

dB 

V OUT 

Output Voltage Swing 

R L =2k 

• 

±12 

±13.8 

— 

±12 

±13.8 

— 

±11.5 ±13.8 

— 

V 



V s = + 5V, OV; 

R L =600G to Ground 

Output Low 

• 


6 

15 


6 

15 


6 

18 

mV 



Output High 

• 

3.2 

3.8 

- 

3.2 

3.8 

- 

3.1 

3.8 

— 

V 

•s 

Supply Current 


• 

— 

0.38 

0.60 

— 

0.38 

0.60 

— 

0.38 

0.7 

mA 


Per Amplifier 

V s = + 5V, OV; V 0 = + 1 .4V 

• 

- 

0.34 

0.55 

- 

0.34 

0.55 

- 

0.34 

0.65 

mA 

ELECTRICAL CHARACTERISTICS v s = 

= ±15V, Vqm = 

OV, 0°C<Ta^ 70°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 



LT1013AC 



LT1014AC 


LT1013C/LT1013DN8 

LT1014C/LT1014DN 

UNITS 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Vos 

Input Offset Voltage 



— 

55 

240 

— 

65 

270 

— 

80 

400 

aV 



LT1013DN8, LT1014DN 


— 

— 

— 

— 

— 

— 

— 

230 

1000 

aV 



V S =+5V, OV; Vo = 1.4V 


— 

75 

350 

— 

85 

380 

— 

110 

570 

aV 



LT1013DN8, LT1014DN 


- 

- 

- 

- 

- 

- 

- 

280 

1200 

aV 


Average Input Offset 

(Note 2) 


— 

0.3 

2.0 

— 

0.3 

2.0 

— 

0.4 

2.5 

/A//°C 


Voltage Drift 

LT1013DN, LT1014DN 


- 

- 

- 

- 

- 

- 

- 

0.7 

5.0 

/iV/°C 

•os 

Input Offset Current 



— 

0.2 

1.5 

— 

0.2 

1.7 

— 

0.3 

2.8 

nA 



V S =+5V, OV; V 0 = 1.4V 


- 

0.4 

3.5 

- 

0.4 

4.0 

- 

0.5 

6.0 

nA 

•b 

Input Bias Current 



— 

13 

25 

— 

13 

25 

— 

16 

38 

nA 



V s = + 5V, OV; V 0 = 1.4V 


- 

18 

55 

- 

20 

60 

- 

24 

90 

nA 

a vol 

Large Signal Voltage Gain 

V Q = ±10V, R l = 2k 


1.0 

5.0 

- 

1.0 

5.0 

- 

0.7 

4.0 

- 

V/ M V 

CMRR 

Common-Mode Rejection 
Ratio 

V CM = + 13.0V, -15.0V 


98 

116 

— 

98 

116 

— 

94 

113 

— 

dB 

PSRR 

Power Supply Rejection 
Ratio 

V S =±2V to ± 18V 


101 

119 

— 

101 

119 

— 

97 

116 

— 

dB 

V OUT 

Output Voltage Swing 

R L =2k 


±12.5 ±13.9 

— 

±12.5 

±13.9 

— 

±12.0 ±13.9 

— 

V 



V S =+5V, OV; R l = 600J) 














Output Low 


— 

6 

13 

— 

6 

13 

— 

6 

13 

mV 



Output High 


3.3 

3.9 

— 

3.3 

3.9 

— 

3.2 

3.9 

— 

V 

•s 

Supply Current per 



— 

0.36 

0.55 

— 

0.36 

0.55 

— 

0.37 

0.60 

mA 


Amplifier 

V s =+5 V, OV; V q = 1.4V 


— 

0.32 

0.50 

— 

0.32 

0.50 

— 

0.34 

0.55 

mA 


Note 2: This parameter is not 100% tested. 

The • denotes the specifications which apply over the full operating 
temperature range. 
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VOLTAGE NOISE DENSITY (nV/VRz) , NPUT 0FFSET VOLTAGE u\J) 

CURRENT NOISE DENSITY (fA/VRz) ^ COMMON-MODE REJECTION RATIO (dB) , VUL,Abt ^ V) 


LT1013/LT1014 


TVPICRl P€RFORmnnC€ CHRRRCTCRISTICS 


Offset Voltage Drift with 

Temperature of Representative Offset Voltage vs Balanced 

Units Source Resistance Warm-Up Drift 



TEMPERATURE (°C) BALANCED SOURCE RESISTANCE (0) TIME AFTER POWER ON (MINUTES) 


Common-Mode Rejection Ratio Power Supply Rejection Ratio 

vs Frequency vs Frequency 0.1Hz to 10Hz Noise 



10 100 Ik 10k 100k 1M 0.1 1 10 100 Ik 10k 100k 1M 0 2 4 6 8 10 

FREQUENCY (Hz) FREQUENCY (Hz) TIME (SECONDS) 


10Hz Voltage Noise 

Noise Spectrum Distribution Supply Current vs Temperature 



1 10 100 Ik 10 20 30 40 50 60 -50 -25 0 25 50 75 100 125 

FREQUENCY (Hz) VOLTAGE NOISE DENSITY (nV/VHz) TEMPERATURE (°C) 


TECHNOLOGY 
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LT1013/LT1014 


TYPICAL PCRFORmnnCC CHRRRCTCRISTICS 


Input Bias Current vs 
Common-Mode Voltage 


Input Offset Current vs 
Temperature 


Input Bias Current vs 
Temperature 



Output Saturation vs Sink 
Current vs Temperature 



TEMPERATURE (°C) 


Small Signal Transient 
Response, Vs= ±15V 



A v =+1 


2/iS/DIV 


Large Signal Transient 
Response, V s= ±15V 



A v =+1 50/iS/DIV 


Small Signal Transient 
Response, V s = 5V, OV 


Large Signal Transient 
Response, Vs = 5V, OV 


100mV 


50mV- 


0- 


A v =+1 20/xS/DIV 

R L =fiOOQ TO GROUND 
INPUT = 0V TO lOOmV PULSE 



4V- 


2 V- 


OV — 



A v = +1 10/is/DIV 

R L =4.7k to 5V 

INPUT =0V TO 4V PULSE 


Large Signal Transient 
Response, Vs = 5V, OV 



A v =+1 10/tS/DIV 

NO LOAD 

INPUT = 0V TO 4V PULSE 
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LT1013/LT1014 



nppucnnons mfORmnnon 

Single Supply Operation 

The LT1013/1014 are fully specified for single supply 
operation, i.e., when the negative supply is OV. Input 
common-mode range includes ground; the output swings 
within a few millivolts of ground. Single supply operation, 
however, can create special difficulties, both at the input 
and at the output. The LT1 01 3/LT1 01 4 have specific cir- 
cuitry which addresses these problems. 


a few hundred millivolts below ground, two distinct prob- 
lems can occur on previous single supply designs, such 
as the LM124, LM158, OP-20, OP-21 , OP-220, OP-221 , 
OP-420: 

a) When the input is more than a diode drop below 
ground, unlimited current will flow from the substrate 
(V - terminal) to the input. This can destroy the unit. On 


the LT1013/1014, the 4000 resistors, in series with the 


At the input, the driving signal can fall below OV— inad- input (see schematic diagram), protect the devices even 


vertently or on a transient basis. If the input is more than when the input is 5 V below ground. 


/Turm 

JmkmF TECHNOLOGY 
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LT1013/LT1014 


nppucflTions mFonmnnon 

(b) When the input is more than 400mV below ground 
(at 25°C), the input stage saturates (transistors Q3 and 
Q4) and phase reversal occurs at the output. This can 
cause lock-up in servo systems. Due to a unique phase 
reversal protection circuitry (Q21, Q22, Q27, Q28), the 
LT1013/1014’s outputs do not reverse, as illustrated 
below, even when the inputs are at -1.5V. 

There is one circumstance, however, under which the 
phase reversal protection circuitry does not function: 
when the other op amp on the LT1013, or one specific 
amplifier of the other three on the LT1014, is driven hard 
into negative saturation at the output. 

Phase reversal protection does not work on amplifier: 

A when D’s output is in negative saturation. B's and C’s 
outputs have no effect. 

B when C’s output is in negative saturation. A’s and D’s 
outputs have no effect. 

C when B’s output is in negative saturation. A’s and D’s 
outputs have no effect. 

D when A’s output is in negative saturation. B’s and C’s 
outputs have no effect. 


At the output, the aforementioned single supply designs 
either cannot swing to within 600mV of ground (OP-20) 
or cannot sink more than a few microamperes while 
swinging to ground (LM124, LM158). The LT1013/ 
1014’s all-NPN output stage maintains its low output 
resistance and high gain characteristics until the output 
is saturated. 

In dual supply operations, the output stage is crossover 
distortion-free. 


Comparator Applications 

The single supply operation of the LT1013/1014 lends 
itself to its use as a precision comparator with TTL com- 
patible output: 

In systems using both op amps and comparators, the 
LT1013/1014 can perform multiple duties; for example, 
on the LT 1014, two of devices can be used as op amps 
and the other two as comparators. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range 


mm > 



6Vp-p INPUT, - 1 ,5V TO 4.5V LM324, LM358, OP-20 

EXHIBIT OUTPUT PHASE 
REVERSAL 


> > ' 


LT1013/LT1014 
NO PHASE REVERSAL 


Comparator Rise Response Time 
lOmV, 5mV, 2mV Overdrives 


Comparator Fall Response Time 
to lOmV, 5mV, 2mV Overdrives 



V S =5V, 0V 50/iS/DIV 


V s = 5 V, 0V 50 ms /DIV 
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LT1013/LT1014 


application mfORmflTion 


Low Supply Operation 

The minimum supply voltage for proper operation of the 
LT101 3/ 1014 is 3.4V (three Ni-Cad batteries). Typical 
supply current at this voltage is 290#<A, therefore power 
dissipation is only one milliwatt per amplifier. 


Noise Testing 

For application information on noise testing and calcula- 
tions, please see the LT1007 or LT1008 data sheet. 


Test Circuit for Offset Voltage and 
Offset Drift with Temperature 


50k* 



CONFIGURATION, WITH SUPPLY VOLTAGES 
INCREASED TO ±20V. 


2 


TVPICAL APPLICATION 

50MHz Thermal rms to DO Converter 



5V Single Supply Dual Instrumentation Amplifier 

r* 1/2 LTC1043 "1 +5V 



ENCLOSE T1 AND T2 IN STYROFOAM. 
7.5mW DISSIPATION. 



XTUDS3B 


2-129 







LT1013/LT1014 


TYPICAL APPUCATIOAS 


Hot Wire Anemometer 


500pF 


27fi 

1W 



0V-10V = 
0-1000 FEET/ MINUTE 


REMOVE LAMP’S GLASS ENVELOPE FROM 328 LAMP. 
A1 SERVOS #328 LAMP TO CONSTANT TEMPERATURE. 
A2-A3 FURNISH LINEAR OUTPUT vs FLOW RATE. 

*1% RESISTOR. 


Liquid Flowmeter 




*1% FILM RESISTOR. 

“SUPPLIED WITH YSI THERMISTOR NETWORK. 

T1, T2 YSI THERMISTOR NETWORK = #44201. 
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO 
RESISTANCE OF T1-T2 TEMPERATURE DIFFERENCE. 
A1-A2 PROVIDE GAIN. A3-A4 PROVIDE LINEARIZED 
FREQUENCY OUTPUT. 
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CONVERT COMMAND 


SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT ~650|uA. 
4.7k— 0.01/*F RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE TO 
HIGH AV/AT STEPS. 


XTUDS5B 


2-131 











2-132 


XTUE5B 






LT1013/LT1014 


TYPICAL APPUCATIOnS 


Methane Concentration Detector with Linearized Output 


+ 5V 



Low Power 9V to 5V Converter 



XTurn 
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LT1013/LT1014 


TYPICAL APPUCATIOnS 


5V Powered 4mA-20mA Current Loop Transmitter + 


+ 5 V 



4mA-20mA OUT 
TO LOAD 
2.2kfi MAXIMUM 


Fully Floating Modification to 4mA-20mA Current Loopt 



0V-4V 



1 8-BIT ACCURACY. 
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LT1013/LT1014 


TYPICAL APPLICATION 


5V Powered, Linearized Platinum RTD Signal Conditioner 



ALL RESISTORS ARE TRW-MAR-6 METAL FILM. 

RATIO MATCH 2M-200K±0.01%. 

TRIM SEQUENCE: 

SET SENSOR TO 0° VALUE. 

ADJUST ZERO FOR OV OUT. 

SET SENSOR TO 100°C VALUE. 

ADJUST GAIN FOR 1 ,000V OUT. 

SET SENSOR TO 400°C. 

ADJUST LINEARITY FOR 4.000V OUT, REPEAT AS REQUIRED. 


Strain Gage Bridge Signal Conditioner 


+5V 
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LT1013/LT1014 


TYPICAL APPLICATION 

Low Dropout Regulator for 6V Battery 


Voltage Controlled Current Source with 
Ground Referred Input and Output 




FOR BIPOLAR OPERATION, 
RUN BOTH ICs FROM 
A BIPOLAR SUPPLY. 


6V to ±15V Regulating Converter 



/TLintAfc 

TECHNOLOGY 
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LT1013/LT1014 


TYPICAL APPLICATIOnS 


Low Power, 5V Driven, Temperature Compensated Crystal Oscillator (TXCO)t 


+ 5V 



3mA POWER DRAIN 

t THERMISTOR-AMPLIFIER-VARACTOR NETWORK GENERATES 
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO 
MINIMIZE OVERALL OSCILLATOR DRIF 


Step-Up Switching Regulator for 6V Battery 


OUTPUT 



LI = AIE — VERNITRON 24-104 
78% EFFICIENCY 
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LT1013/LT1014 



PACKAGC DCSCAIPTIOA 


J Package 14 Lead Cavity DIP N Package 14 Lead Molded DIP 



XTUPSI 
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LT1013/LT1014 


PRCKRGC D€SCRIPTIOR 


H Package J8 Package 

Metal Can 8 Lead Hermetic DIP 


SEATING 

PLANE 


0.355-0.370 


0.040 

(1.016) 

MAX 

(9.017-9.398) 

DIA 

0.305-0.335 
| (7.747 — 8.509) 

DIA 





T—t— UiMkHl- 

I nn n nn 


0.010-0.045 

(0.254-1.143) 


1 0.016-0.021 
(0.406-0.533) 


0.050 

(1.270) 

MAX 


t 


GAUGE 

PLANE 



STANDOFF 


T 


0.165-0,185 

(4.191-4.699) 

i 

i 

0,500-0,750 

(12.70-19.05) 

t 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 


Tjmax 

0ja 

0jc 

150°C 

150°C/W 

45°C/W 



NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 
‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

d\a 

150°C 

100°C/W 


N8 Package 
8 Lead Plastic 


■EH..-T1 r~i n „ 


4 1 

c 

5 8 

J 

1 

t 

0.240- 

(6.096- 

| 

UJ u U U' | 

I60_ 


so 




NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

^ia 

100°C 

130°C/W 
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LT1013DS8 


/TLintAB 

TECHNOLOGY 


Dual Precision Op Amp 


F€RTUR€S 


DCSCRIPTIOR 


Single Supply Operation 
Input Voltage Range Extends to Ground 
Output Swings to Ground while Sinking Current 
Pin Compatible to 1458 and 324 with Precision Specs 


Guaranteed Offset Voltage 
Guaranteed Low Drift 
Guaranteed Offset Current 
Guaranteed High Gain 
5mA Load Current 
17mA Load Current 
Guaranteed Low Supply Current 
Low Voltage Noise, 0.1 Hz to 10Hz 
Low Current Noise— Better than OP-07, 0.07pA/v'Hz 


800/iV Max. 
5/(V/°C Max. 
1.5nAMax. 

1.2 Million Min. 
0.5 Million Min. 
550ftA Max. 
0.55/tVp-p 


RPPUCRTIORS 

■ Battery-Powered Precision Instrumentation 

Strain Gauge Signal Conditioners 
Thermocouple Amplifiers 
Instrumentation Amplifiers 

■ 4mA-20mA Current Loop Transmitters 

■ Multiple Limit Threshold Detection 

■ Active Filters 

■ Multiple Gain Blocks 


The LT1013 is the first precision dual op amp in the 8-pin 
small outline (SO) package, upgrading the performance of 
such popular devices as the MC1458, LM358 and OP-221. 

The LT1013’s low offset voltage of 200/iV, drift of 0.7/tV/°C, 
offset current of 0.2nA, gain of 7 million, common-mode 
rejection of 114dB, and power supply rejection of 117dB 
qualify it as two truly precision operational amplifiers. Par- 
ticularly important is the low offset voltage, since no off- 
set null terminals are provided in the dual configuration. 
Although supply current is only 350/iA per amplifier, a new 
output stage design sources and sinks in excess of 20mA 
of load current, while retaining high voltage gain. 

The LT1013 can be operated off a single 5V power supply: 
input common-mode range includes ground; the output 
can also swing to within a few millivolts of ground. 
Crossover distortion, so apparent on previous single-sup- 
ply designs, is eliminated. A full set of specifications is 
provided with + 15V and single 5 V supplies. 


3 Channel Thermocouple Thermometer 


4k 1M 



USE 4TH AMPLIFIER FOR OUTPUT C. 


OUTPUT A 
10mV/°C 


OUTPUT B 
10mV/°C 


rrunm 
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LT1013DS8 


absolute mnximum ratiags package/order iaforaiatioa 


Supply Voltage ±22V 

Differential Input Voltage + 30V 

Input Voltage Equal to Positive Supply Voltage 

5V Below Negative Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range 

All Grades -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 


fINA [7 
v- [7 


+ INB [3J 
-INB 


i r— — U-ina 

L_r>— T| OUTA 
v+ 

OUTB 


E P^-3 


S8 PACKAGE 
PLASTIC SO 


NOTE: THIS PIN CONFIGURATION DIFFERS FROM 
THE STANDARD 8-PIN DUAL-IN-LINE CONFIGURATION 


ORDER PART 
NUMBER 


LT1013DS8 


PART MARKING 


1013 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Vcm = 0V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1013D 

TYP 

MAX 

UNITS 

V OS 

Input Offset Voltage 

! 


200 

800 

xV 


Long Term Input Offset Voltage Stability 


0.5 | 

pV/Mo. 

•os 

Input Offset Current 



0.2 

1.5 

nA 

Ib 

Input Bias Current 



15 

30 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz 

0.55 j 

pVp-p 

®n 

Input Noise Voltage Density 

f 0 = 10Hz 


24 


nV/VHz 



f 0 = 1000Hz 

1 

22 


nV/ViTz 

•n 

Input Noise Current Density 

f 0 = 10Hz 

0.07 | 

pA/VHz 


Input Resistance— Differential 

(Note 1) 

70 

300 


MO 


Common-Mode 



4 


GG 

a vol 

Large Signal Voltage Gain 

V 0 = ± 10V, R L >2k 

1.2 

7.0 


V// 4 V 



V 0 = ± 10 V, Rj_= 600Q 

0.5 

2.0 


v/ M v 


Input Voltage Range 


+ 13.5 

+ 13.8 


V 




-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 13.5V, -15.0V 

97 

114 


dB 

PSRR 

Power Supply Rejection Ratio 

V s =±2VtO±18V 

100 

117 


dB 


Channel Separation 

V 0 = ± 10V, R L = 2k 

120 

137 


dB 

VOUT 

Output Voltage Swing 

R L = 2k 

±12.5 

±14 


V 


Slew Rate 


0.2 

0.4 


V//iS 

•s 

Supply Current 

Per Amplifier 


0.35 

0.55 

mA 
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LT1013DS8 


CLCCTRICm CHARACTERISTICS 

V$ + = + 5V, Vs ” = OV, Vqut = 1 -4V, Vcm = OV, Ta = 25°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1013D 

TYP 

MAX 

UNITS 

V OS 

Input Offset Voltage 



250 

950 

mV 

•os 

Input Offset Current 



0.3 

2.0 

nA 

•b 

Input Bias Current 



18 

50 

nA 

a vol 

Large Signal Voltage Gain 

V 0 = 5mVto4V, R l = 500C 

1.0 

V/^V 


Input Voltage Range 


+ 3.5 

+ 3.8 


V 




0 

-0.3 


V 

V OUT 

Output Voltage Swing 

Output Low, No Load 


15 

25 

mV 



Output Low, 6000 to Ground 


5 

10 

mV 



Output Low, lsiNK = 1mA 


220 

350 

mV 



Output High, No Load 

4.0 

4.4 


V 



Output High, 6000 to Ground 

3.4 

4.0 


V 

•s 

Supply Current 

Per Amplifier 


0.32 

0.50 

mA 


€l€CTRICAl CHARACTERISTICS Vs = ± 15V, Vcm =0V, 0°C<Ta< 70 o C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1013D 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


230 

1000 

mV 



V s = +5V,0V; V 0 = 1.4V 

• 


280 

1200 

mV 


Average Input Offset Voltage Drift 

(Note 2) 

• 


0.7 

5.0 

nWC 

•os 

Input Offset Current 


• 


0.3 

2.8 

nA 



V s = +5V, 0 V; V 0 = 1.4V 

• 


0.5 

6.0 

nA 

•b 

Input Bias Current 


• 


16 

38 

nA 



V s =+5V,0V;V o = 1.4V 

• 


24 

90 

nA 

a vol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

• 

0.7 

4.0 


VfoV 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 13.0V, -15.0V 


94 

113 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±2Vto ±18V 


97 

116 


dB 

VQUT 

Output Voltage Swing 

R L = 2k 

• 

±12.0 

±13.9 


V 



V s = + 5V, 0V; Rl = 60012 








Output Low 

• 


6 

13 

mV 



Output High 

• 

3.2 

3.9 


V 

•s 

Supply Current per Amplifier 


• 


0.37 

0.60 

mA 



V S =+5V, 0 V; V 0 =1.4V 

• 


0.34 

0.55 

mA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: This parameter is guaranteed by design and is not tested. Typical 
parameters are defined as the 60% yield of parameter distributions of 
individual amplifiers; i.e., out of 100 LT1013s typically 120 op amps will be 
better than the indicated specification. 

Note 2: This parameter is not 100% tested. 


xTura 
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LT1022 



um 


TECHNOLOGY 


High Speed, Precision 
JFET Input Operational Amplifier 


F€ATUft€S 


■ Guaranteed Slew Rate 

23V//XS Min. 

■ Guaranteed Offset Voltage 

250/A/ Max. 

-55°Cto125°C 

750/A/ Max. 

■ Guaranteed Drift 

5/A// °C Max. 

■ Guaranteed Bias Current 


70°C 

180pA Max. 

125°C 

4nAMax. 

■ Gain-Bandwidth Product 

8.5MHz Typ. 

■ Settling Time to 0.05% (10V Step) 

0.9/tsTyp. 

APPUCATIOnS 



■ Fast D/A Output Amplifiers (12, 14, 16 Bits) 

■ High Speed Instrumentation 

■ Fast, Precision Sample and Hold 

■ Voltage-to-Frequency Converters 

■ Logarithmic Amplifiers 


DCSCMPTIOn 

The LT1022 JFET input operational amplifier combines 
high speed and precision performance. 

A26V//iS slew rate and 8.5MHz gain-bandwidth product 
are simultaneously achieved with offset voltage of typical- 
ly 80/A/, 1 ,5/A//°C drift, bias currents of 50pA at 70°C, 
500pA at 125°C. The output delivers 20mA of load cur- 
rent without gain degradation. 

The 250/A/ maximum offset voltage specification repre- 
sents less than 'k least significant bit error in a 14-bit, 
10V system. 

The LT1022A meets or exceeds all 0P-16A and OP-16E 
specifications. It is faster and more accurate without 
stability problems at cold temperatures. 

The LT1 022 can be used as the output amplifier for 1 2-bit 
current output D/A converters, as shown below. 

For a more accurate, lower power dissipation, but slower 
JFET input op amp, please refer to the LT1055 data 
sheet. 


12-Bit Voltage Output D/A Converter 



C P =15pF TO 33pF 

SETTLING TIME TO 2mV (0.8 LSB) = 1 .5/xS TO 2/*s 


Large Signal Response 



A v =1,C L =100pF, 0.5^s/DIV 
T a = 25°C, V s = ± 15V 


XTIBS5B 
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LT1022 


absolute maximum rhtiags 


Supply Voltage ±20V 

Differential Input Voltage ±40V 

Input Voltage ±20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1 022AM /1022M -55°Cto125°C 

LT1022AC/1022C 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORRIRTIOR 



TOP VIEW 


ORDER PART 


N/C 


NUMBER 

BALANCE 

pe) 

V + 

LT1022AMH 

-IN Q 

J 0 

) OUT 

LT1022MH 

1 

+ IN 


BALANCE 

LT1022ACH 

LT1022CH 

METAL CAN H PACKAGE 



TOP VIEW 


LT1022CN8 

bal|T 


|] N/C 

->N[2 


3 v+ 


+in[T 


3 OUT 


v- [7 


]]bal 


PLASTIC DIP N8 PACKAGE 



ELECTRICAL CHARACTERISTICS 

V s = ±15V, T a =25°C, Vq M = 0V unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1022AM 

LT1022AC 

TYP 

MAX 

MIN 

LT1022M 

LT1022CH 

LT1022CN8 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage (Note 1) 

H Package 

— 

80 

250 

— 

100 

600 




N8 Package 

— 

— 

— 

- 

160 

1000 

mV 

•os 

Input Offset Current 

Fully Warmed Up 

- 

2 

10 

- 

2 

20 

pA 

•b 

Input Bias Current 

Fully Warmed Up 

— 

±10 

±50 

— 

±10 

±50 

PA 



V CM =+10V 

- 

+ 30 

+ 100 

— 

+ 30 

+ 150 

PA 


Input Resistance— Differential 


— 

10' 2 

— 

— 

10' 2 

— 

Q 


-Common-Mode 

Vcm= — lIVto +8V 

— 

10 12 

— 

— 

10 12 

— 

Q 



V C m = + 8V to + 11V 

— 

10" 

- 

— 

10" 

- 

Q 


Input Capacitance 


- 

4 

- 

- 

4 

- 

PF 

e n 

Input Noise Voltage 

0.1Hz to 10Hz 

- 

2.5 

- 

- 

2.8 

- 

4VP-P 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 2) 

— 

28 

50 

— 

30 

60 

nV/VHz 



f 0 = 1 kHz (Note 3) 

— 

14 

20 

— 

15 

22 

nV/'/Hz 

•n 

Input Noise Current Density 

f o = 10Hz, 1kHz (Note 4) 

- 

1.8 

4 

- 

1.8 

4 

fA/VHz 

<> 

o 

1— 

Large Signal Voltage Gain 

V o =±10V R L = 2k 

150 

400 

— 

120 

400 

— 

V/mV 



R L =1k 

130 

300 

— 

100 

300 

— 

V/mV 


Input Voltage Range 


±10.5 

±12 

- 

±10.5 

±12 

- 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 

86 

94 

- 

82 

92 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V S =±10V to ± 18V 

88 

104 

- 

86 

102 

- 

dB 

VOUT 

Output Voltage Swing 

R L — 2k 

±12 

±13.2 

- 

±12 

±13.2 

- 

V 

SR 

Slew Rate 


23 

26 

- 

18 

24 

- 

M/fiS 

GBW 

Gain-Bandwidth Product 

f == 1 MHz 

- 

8.5 

- 

- 

8.0 

- 

MHz 

•s 

Supply Current 


- 

5.2 

7.0 

- 

5.2 

7.0 

mA 


Settling Time 

A= + 1 or A= -1 










10V Step to 0.05% 

— 

0.9 

— 

— 

0.9 

— 

/tS 



10V Step to 0.02% 

- 

1.3 

- 

- 

1.3 

- 

^s 


Offset Voltage Adjustment Range 

Rpot = 100k 

- 

±7 

- 

- 

±7 

- 

mV 
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LT1022 


ELECTRICAL CHARACTERISTICS V s = ±15V, V CM = OV, 0 °C<T a < 70°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

LT1022AC 

TYP 

MAX 

MIN 

LT1022CH 

LT1022CN8 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

H Package 

• 

— 

140 

480 

— 

180 

1000 

AV 


(Note 1) 

N8 Package 

• 

- 

- 

- 

- 

300 

1700 

aV 


Average Temperature 

H Package 

• 

- 

1.3 

5.0 

- 

1.8 

9.0 

^v/°c 


Coefficient of Input Offset 

Voltage 

N8 Package (Note 5) 

• 



_ 


3.0 

15.0 

/iV/° C 

'os 

Input Offset Current 

Warmed Up,T A = 70°C 

• 

- 

15 

80 

- 

18 

100 

pA 

'b 

Input Bias Current 

Warmed Up,T A = 70°C 

• 

- 

±50 

±200 

- 

±60 ±250 

PA 

a vol 

Large Signal Voltage Gain 

V 0 =±10V, R L = 2k 

• 

80 

250 

- 

60 

250 

- 

V/ mV 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.4V 

• 

85 

93 

- 

80 

91 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±10V to ± 18V 

• 

86 

103 

- 

84 

101 

- 

dB 

V OUT 

Output Voltage Swing 

R L = 2k 

• 

±12 

±13.1 

- 

±12 

±13.1 

- 

V 


€l€CTRICAl CHARACTERISTICS V s = ±15V, V CM = 0V, -55 °C<T a < 125°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

LT1 022AM 
TYP 

MAX 

MIN 

LT1022M 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

(Note 1) 

• 

- 

230 

750 

- 

300 

1500 

aV 


Average Temperature 

Coefficient of Input Offset 

Voltage 

(Note 5) 

• 


1.5 

5.0 


2.0 

9.0 

/W/°C 

'os 

Input Offset Current 

Warmed Up, T A = 125°C 

• 

- 

0.3 

2.0 

- 

0.30 

3.0 

nA 

'b 

Input Bias Current 

Warmed Up, T A = 125°C 

• 

- 

±0.5 

±4.0 

- 

±0.7 

±6.0 

nA 

£ 

Large Signal Voltage Gain 

V 0 = ± 10V, R L = 2k 

• 

40 

120 


35 

120 

- 

V/ mV 

CMRR 

Common-Mode Rejection Ratio 

V C m = ± 10.4V 

• 

85 

92 

- 

80 

90 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 17V 

• 

86 

102 

- 

84 

100 

- 

dB 

v out 

Output Voltage Swing 

C\J 

II 

cc 

• 

±12 

±12.9 

- 

±12 

±12.9 

- 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Offset voltage is measured under two different conditions: 

(a) approximately 0.5 seconds after application of power; 

(b) at T a = 25°C, with the chip self-heated to approximately 45°C to 
account for chip temperature rise when the device is fully warmed up. 
Note 2: 10Hz noise voltage density is sample tested on every lot of A 
grades. Devices 100% tested at 10Hz are available on request. 


Note 3: This parameter is tested on a sample basis only. 

Note 4: Current noise is calculated from the formula: i n = (2ql B )' /2 , where 
q = 1.6x 10“ 19 coulomb. The noise of source resistors up to 1GG 
swamps the contribution of current noise. 

Note 5: Offset voltage drift with temperature is practically unchanged 
when the offset voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to V + . Devices tested to 
tighter drift specifications are available on request. 


XTUim 
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LT1022 


typical pcRfOAmnncc chrrrctcristics 


Gain vs Frequency 



1 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 



Phase Margin, Gain Bandwidth 
Product, Slew Rate vs 
Temperature 


3 10 30 

FREQUENCY (MHz) 



TEMPERATURE (°C) 


Undistorted Output Swing vs 



100k 1M 10M 

FREQUENCY (Hz) 


Small Signal Response 



Ay= +1, Cl= 100pF, 0.2/tS/DIV 
T A =25°C, V S = ±15V 


Settling Time 



The typical behavior of many LT 1 022 parameters is identical to the LT 1 056. Please refer to the LT 1 055/ 1 056 data sheet 
for the following typical performance characteristics: 


Input Bias and Offset Currents vs Temperature 
Input Bias Current Over the Common-Mode Range 
Distribution of Input Offset Voltage (H and N8 Package) 
Distribution of Offset Voltage Drift with Temperature 
Warm-Up Drift 

Long Term Drift of Representative Units 
0.1 Hz to 10Hz Noise 
Voltage Noise vs Frequency 
Noise vs Chip Temperature 


Output Impedance vs Frequency 
Common-Mode Range vs Temperature 

Common-Mode and Power Supply Rejections vs 
Temperature 

Common-Mode Rejection Ratio vs Frequency 
Power Supply Rejection Ratio vs Frequency 
Voltage Gain vs Temperature 
Supply Current vs Supply Voltage 
Output Swing vs Load Resistance 
Short Circuit Current vs Time 
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GAIN-BANDWIDTH PRODUCT (MHz) 







LT1022 


nppucffnons mfORmfiTion 

The LT 1 056 applications information is directly applicable 
to the LT1022. Please consult the LT1055/1056 data 
sheet for details on: 

(1) plug-in compatibility to industry standard devices 

(2) offset nulling 

(3) achieving picoampere/ microvolt performance 


(4) phase-reversal protection 

(5) high speed operation (including settling time test 
circuit) 

(6) noise performance 

(7) simplified circuit schematic. 



avm 
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LT1022 


TYPICAL APPLICATION 

PIN Photodiode-to-Frequency Converter 


5pF 

FULL-SCALE TRIM 



SCALE FACTOR = 

InW/Hz AT 900 NANOMETERS FROM 20nW TO 2mW 
= HEWLETT PACKARD PHOTODIODE HP5082-4204 

— ►f- = 1N4148 
f POLYSTYRENE 

* SELECT VALUE FOR 2mW IN = 2MHz OUT. 


Wide Bandwidth Absolute Value Circuit 



5% ACCURACY TO 700kHz 


Fast, Differential Input Current Source 



MATCH TO 0.01% - 

FULL-SCALE POWER BANDWIDTH 
= 1MHz F0RI 0U tR = 8Vp-P 
= 400kHz FOR I 0 utR = 20Vp-P 
MAXIMUM l 0 ui=10mAp-p 

COMMON-MODE VOLTAGE AT LT1022 INPUT = louTp- p xR L 

2 
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LT1022 


TYPICAL APPUCATIOnS 


High Output Current Op Amp 


Low Distortion Sine Wave Oscillator 



I OUT = 150mA 

C l CAN BE vf 


A v =+1,C F =1000pF 
A y= — 1, Cp= lOpF 



AMPLITUDE = 18Vp-p. 


Fast, Precision Sample-Hold 



XT HE* 
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LT1022 


PACKAGE DiSCRIPTlOA 


Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


SEATING 

PLANE 


(1.016) 

MAX 




(7.747-8.509) 

DIA 


T-3KHHII- 


0.010-0.045 

(0.254-1.143) 


(0.406-0.533) 


0.050 

(1.270) 

MAX 


T 


GAUGE 

PUNE 



A 

0.165-0.185 

(4.191-4.699) 


I 


0.500-0.750 

(12.70-19.05) 


Tjtnax 

% 

% 

150°C 

150°C/W 

45°C/W 


N8 Package 
8 Lead Plastic 


jLi n n m 

— 

4 1 

c 

5 8 

J 

1 

1 

0.240-0.280 

(6.096-7.112) 

1 


1 — 1 1 1 1 1 1 1 

Lm hax jls 

” (1.016) (1.5 

160 

124) 


SQ 




‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 


100°C 

130°C/W 
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/TLinCAE. 

J^/ TECHNOLOGY 


FCATUACS 


■ Guaranteed Offset Voltage 

■ Guaranteed Bias Current 

50/A/ Max. 

25°C 

120pAMax. 

— 55°Cto 125°C 

700pA Max. 

■ Guaranteed Drift 

1.5/tV/°C Max. 

■ Low Noise, 0.1 Hz to 10Hz 

0.5/iVp-p 

■ Guaranteed Supply Current 

600/iA Max. 

■ Guaranteed CMRR 

1 1 2dB Min. 

■ Guaranteed PSRR 

112dB Min. 


■ Guaranteed Voltage Gain with 5mA Load Current 

■ Guaranteed Matching Characteristics 

APPUCATIOAS 

■ Strain Gauge Signal Conditioner 

■ Dual Limit Precision Threshold Detection 

■ Charge Integrators 

■ Wide Dynamic Range Logarithmic Amplifiers 

■ Light Meters 

■ Low Frequency Active Filters 

■ Standard Cell Buffers 

■ Thermocouple Amplifiers 


LT1024 

Dual Matched 
Picoampere, Microvolt Input 
Low Noise Op Amp 

D6SCAIPTIOA 

The LT1024 dual, matched internally compensated uni- 
versal precision operational amplifier can be used in prac- 
tically all precision applications requiring multiple op 
amps. The LT1024 combines picoampere bias currents 
(which are maintained over the full -55°C to 125°C 
temperature range), microvolt offset voltage (and low 
drift with time and temperature), low voltage and current 
noise, and low power dissipation. Extremely high com- 
mon-mode and power supply rejection ratios, practically 
immeasurable warm-up drift, and the ability to deliver 
5mA load current with a voltage gain of a million round out 
the LT1024’s superb precision specifications. 

Tight matching is guaranteed on offset voltage, non- 
inverting bias currents and common-mode and power 
supply rejections. 

The all-around excellence of the LT1024 eliminates the 
necessity of the time-consuming error analysis procedure 
of precision system design in many dual applications; the 
LT1024 can be stocked as the universal dual op amp in 
the 14-pin DIP configuration. 

For a single op amp with similar specifications, see the 
LT1 01 2 data sheet; for a single supply dual precision op 
amp in the 8-pin configuration, see the LT1013 data 
sheet. 


Two Op Amp Instrumentation Amplifier 


Input Bias Current vs 
Temperature 


R5 

2.2kt 


R4 

100k 



-Ri 1+ 1 
' R3 I 1 + 2 \R1 + R4/ 


R2 + R3 1 
R5 | 


•TRIM FOR COMMON-MODE REJECTION 
+TRIM FOR GAIN 


TYPICAL PERFORMANCE: 
OFFSET VOLTAGE =20 P V 
BIAS CURRENT = ±30pA 
OFFSET CURRENT=30pA 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 


XTH® 
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LT1024 


absolute mAximum Amines 


Supply Voltage ±20V 

Differential Input Current (Note 1) ±10mA 

Input Voltage ±20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1 024AM /LT1024M -55°Cto125°C 

LT1024AC/LT1024C 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKflG€/OftD€R MfORfTIflTIOn 



TOP VIEW 



NULL (A) \T 

' 



1^V+ (A) 

ORDER PART 




NULL (A) [7 



r 

OUT (A) 

NUMBER 

-IN (A) [7 




12] V- (A) 


+ IN (A) [7 


> 

—*+ 

n\ + m (B) 


V"(B)[? 

Cl 

£ 

uU 

To] -IN (B) 




4 


OUT (6) [6 
V+ (B)|T 

J 
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LT1024MD 

LT1024ACN 

LT1024CN 

D PACKAGE 

14 PIN HERMETIC 
(SIDEBRAZED) 


N PACKAGE 

14 PIN PLASTIC 

NOTE: DEVICE MAY BE OPERATED EVEN IF INSERTION 

IS REVERSED;, THIS IS DUE TO INHERENT SYMMETRY OF 
PIN LOCATIONS OF AMPLIFIERS A AND B (NOTE 2). 



ELECTRICAL CHARACTERISTICS Vs= ± 15V, Vcm = 0V, Ta = 25°C unless otherwise noted 
Individual Amplifiers 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 024AM /LT1024AC 
MIN TYP MAX 

LT1024M/LT1024C 
MIN TYP MAX 

UNITS 

V OS 

Input Offset Voltage 


15 50 

20 100 

/*V 


Long Term Input Offset Voltage Stability 


0.3 

0.3 

/A/ /mo nth 

■os 

Input Offset Current 


20 100 

25 180 

PA 

■b 

Input Bias Current 


±25 ±120 

±30 ±200 

pA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz 

0.5 

0.5 

/»Vp-p 

e n 

Input Noise Voltage Density 

f o = 1 0Hz (Note 3) 
f 0 = 1000Hz (Note 3) 

17 33 

14 24 

17 33 

14 24 

nV/VHz 

nV/VRz 

>n 

Input Noise Current Density 

f 0 = 10Hz 

20 

20 

fA/VHz 

A V0L 

Large Signal Voltage Gain 

V out =± 12V, R L >10kO 
V OU t=± 10V, R L >2kfl 

250 2000 

150 1000 

180 2000 

100 1000 

V/mV 

V/mV 

CMRR 

Common- Mode Rejection Ratio 

V CM =± 13.5V 

112 .132 

108 132 

dB 

PSRR 

Power Supply Rejection Ratio 

V s =±2Vto ±20V 

112 132 

108 132 

dB 


Input Voltage Range 


±13.5 ±14.0 

±13.5 ±14.0 

V 

V OUT 

Output Voltage Swing 

R L = lOkO 

±13 ±14 

±13 ±14 

V 


Slew Rate 


0.1 0.2 

0.1 0.2 

V//xS 

■s 

Supply Current per Amplifier 


380 600 

380 700 

aA 


Matching Specifications 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 024AM /LT1024AC 
MIN TYP MAX 

LT1024M/LT1024C 
MIN TYP MAX 

UNITS 


Input Offset Voltage Match 


- 

20 

75 

1 _ 

25 

150 

AV 

l B + 

Average Non-Inverting Bias 

Current 


— 

±30 

±150 

— 

±40 

±250 

pA 

o 
c n 

+ 

Non-Inverting Offset Current 


- 

30 

150 

- 

30 

300 

pA 

ACMRR 

Common Mode Rejection Ratio 

Match 

V CM =± 13.5V 

110 

132 


106 

132 

— 

dB 

APSRR 

Power Supply Rejection Ratio 

Match 

V s = ±2V to 20 V 

110 

132 

— 

106 

132 

— 

dB 


Channel Separation 

f<10Hz (Note 3) 

134 

150 

- 

134 

150 

- 

dB 
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ELECTRICAL CHRRRCTERISTICS 

V s = ±15V, Vcm = OV, 0°C<Ta< 70°C for the LT1024AC and LT1024C; 

— 55°C<Ta< 125°C for the LT1024AM and LT1024M unless otherwise noted 

Individual Amplifiers 





LT1 024AM /LT1024AC 

LT1024M/LT1024C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

0°C to 70°C 

• 


30 

120 


35 

200 

M V 



- 55°C to 125°C 

• 


40 

200 


50 

300 

mV 


Average Temperature Coefficient of 
Input Offset Voltage 


• 


0.25 

1.5 


0.3 

2.0 

mV/ 0 C 

'os 

Input Offset Current 

0°C to 70°C 

• 


40 

250 


50 

300 

PA 



-55°C to 125°C 

• 


80 

350 


100 

500 

pA 


Average Temperature Coefficient of 
Input Offset Current 


• 


0.5 

2.5 


0.7 

3 

pA/°C 

'e 

Input Bias Current 

0°C to 70°C 

• 


±40 

±250 


±50 

±400 

PA 



-55°C to 125°C 

• 


±100 

±700 


±200 

±1300 

PA 


Average Temperature Coefficient of 

0°C to 7 0°C 

• 


0.4 

3 


0.5 

4 

pA/°C 


Input Bias Current 

— 55°C to 125°C 

• 


1 

6 


2 

12 

pA/°C 

Avol 

Large Signal Voltage Gain 

V 0 ut — ± 12V, R l > lOkfi 

• 

150 

1000 


150 

1000 


V/mV 



V OUT =±10V, R L >2kft 

• 

100 

600 


100 

600 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 13.5V 

• 

108 

128 


106 

128 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 2.5V to ± 18V 

• 

108 

128 


j 106 

128 


dB 


Input Voltage Range 


• 

±13.5 

±13.5 

V 

Voui 

Output Voltage Swing 

R L = lOkfi 

• 

±13 

±14 


±13 

±14 


V 

's 

Supply Current 


• 


400 

800 


400 

900 

mA 


Matching Specifications 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 024AM /LT1024AC 
MIN TYP MAX 

LT1024M/LT1024C 

MIN TYP MAX 

UNITS 


Input Offset Voltage Match 

0°C to 70°C 

• 


35 

170 


45 

300 

mV 



— 55°C to 125°C 

• 

- 

50 

280 

- 

70 

500 

mV 


Input Offset Voltage Tracking 


• 

- 

0.3 

2.0 

- 

0.4 

3.5 

mV/°C 

l B + 

Average Non-Inverting Bias Current 

0°C to 70°C 

• 


±40 

±300 


±50 

±500 

PA 



- 55°C to 125°C 

• 

— 

±100 

±800 

- 

±200 

±1400 

pA 

'os + 

Non-Inverting Offset Current 

0°C to 70°C 

• 

— 

40 

300 

— 

50 

500 

PA 



- 55°C to 125°C 

• 

- 

80 

800 

- 

150 

1500 

PA 

ACMRR 

Common-Mode Rejection Ratio Match 

V CM =± 13.5V 

• 

106 

128 

- 

104 

128 

- 

dB 

APSRR 

Power Supply Rejection Ratio Match 

V s = ±2.5V to ± 18V 

• 

106 

128 

- 

104 

128 

_ 

dB 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Differential input voltages greater than IV will cause excessive 
current to flow through the input protection diodes unless limiting 
resistance is used. 

Note 2: The V + supply terminals are completely independent and may 
be powered by separate supplies if desired (this approach, however, 
would sacrifice the advantages of the power supply rejection ratio 
matching). The V" supply terminals are both connected to the common 
substrate and must be tied to the same voltage. Both V - pins should be 
used. 

Note 3: This parameter is tested on a sample basis only. 


Optional Offset Nulling Circuit 
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CHANGE IN OFFSET VOLTAGE (pV) INPUT OFFSET VOLTAGE (*tV) 


LT1024 


Tvpicni perforrirrce characteristics 


Offset Voltage vs Source 
Resistance (Balanced or 
Unbalanced) 



Ik 3k 10k 30k 100k 300k 1M 3M 10M 
SOURCE RESISTANCE (0) 


Input Offset Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Input Bias Current Over 
Common-Mode Range 



-15 -10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE (V) 



0 1 2 3 4 5 

TIME AFTER POWER ON (MINUTES) 


Offset Voltage Drift and 
Tracking with Temperature of 
Representative Units 



TEMPERATURE (°C) 


Supply Current vs Supply 
Voltage per Amplifier 










2S 

“C 



125 

°c 







— 5‘ 

k = 




0 ±5 ±10 ±15 ±20 


SUPPLY VOLTAGE (V) 


0.1Hz to 10Hz Noise 


c — 1 

H- II 

25°C 

2V TO ± 

20 V 









iA 

y 














0 2 4 6 8 10 

TIME (SECONDS) 


Noise Spectrum 



1 10 100 1000 
FREQUENCY (Hz) 


Total Noise vs Source 
Resistance 
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LT1024 


AppucHTions infORmnTion 


The LT1024 may be inserted directly into 0P-10, OP-207 
or 0P227 sockets with or without removal of external null- 
ing components. 

The LT1024 is specified over a wide range of power supply 
voltages from ± 2V to ± 18V. Operation with lower sup- 
plies is possible down to ± 1.2V (two NiCad batteries). 

Advantages of Matched Dual Op Amps 

In many applications, the performance of a system de- 
pends on the matching between two operational amplifi- 
ers rather than the individual characteristics of the two op 
amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references, and low drift active filters are 
some of the circuits requiring matching between two op 
amps. 

The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of the 
LT 1 024. This error cancellation principle holds for a con- 
siderable number of input-referred parameters in addition 
to offset voltage and its drift with temperature. Input bias 
current will be the average of the two non-inverting input 
currents (Ib + ). The difference between these two cur- 


rents (los + ) is the offset current of the instrumentation 
amplifier. Common-mode and power supply rejections 
will be dependent only on the match between the two 
amplifiers (assuming perfect resistor matching). 

The concepts of common-mode and power supply rejec- 
tion ratio match (ACMRR and APSRR) are best 
demonstrated with a numerical example: 

Assume CMRRa = + 1 .0/iV/V or 1 20dB 
and CMRRb = +0>V/V or 126dB, 
then ACMRR =0.5jiV/V or 126dB 
if CMRRb = -0.5/tV/V, which is still 126dB, 
then ACMRR = 1.5/tV/V or 116.5dB. 

Typical performance of the instrumentation amplifier: 
Input offset voltage = 25/Af. 

Input bias current =30pA. 

Input resistance =10 12 Q. 

Input offset current=30pA. 

Input noise =0.7^Vp-p. 

Power bandwidth (Vo = ± 10V)=80kHz. 

Clearly, the LT1024, by specifying and guaranteeing all of 
these matching parameters, can significantly improve the 
performance of matching dependent circuits. 


Three Op Amp Instrumentation Amplifier 
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flppucflnons infORmnnon 


Achieving Picoampere/ Microvolt Performance 

In order to realize the picoampere /microvolt level ac- 
curacy of the LT 1 024, proper care must be exercised . For 
example, leakage currents in circuitry external to the op 
amp can significantly degrade performance. High quality 
insulation should be used (e.g., Teflon, Kel-F); cleaning 
of all insulating surfaces to remove fluxes and other resi- 
dues will probably be required. Surface coating may be 
necessary to provide a moisture barrier in high humidity 
environments. 

Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs: in inverting configurations, the guard 
ring should be tied to ground, in non-inverting connec- 
tions, to the inverting input. Guarding both sides of the 
printed circuit board is required. Bulk leakage reduction 
depends on the guard ring width. Nanoampere level leak- 
age into the offset trim terminals Gan affect offset voltage 
and drift with temperature. 


Microvolt level error voltages can also be generated in the 
external circuitry. Thermocouple effects caused by tem- 
perature gradients across dissimilar metals at the con- 
tacts to the input terminals can exceed the inherent drift 
of the amplifier. Air currents over device leads should be 
minimized, package leads should be short, and the two 
input leads should be as close together as possible and 
maintained at the same temperature. 

Test Circuit for Offset Voltage and its Drift with Temperature 




R1 

50k* 



■— "AAAr“ 


3 

+ 15V 

X14|( 7) 

R2 < 
100Q* j 

(10) 

> 

r 4 

~ N 

mm 

* y 

R3 \ 
50k* \ 

l (ii) 

> 

> 

-15 V 


‘RESISTORS MUST HAVE LOW 
THERMOELECTRIC POTENTIAL 
'‘THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION FOR THE LT1024, WITH SUPPLY 
VOLTAGES INCREASED TO ±20V, R1 =R3 = 20k, 
R2 = 200Q, A v = 100 
V 0 = IOOOVqs 


Direct Pressure Transducer to Digital Output Signal Conditioner 
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scHcmmic dirgrrid Vj LT1024 



PACKAGE D6SCAIPTIOA 


D14 Package 14-Lead Hermetic DIP (Sidebrazed) 

0 760 


0 485 
'(12 32)' 
MAX 


Tjmax 

Bja 

©JC 

150°C 

100°C/W 

60°C/W 


N14 Package 14-Lead Plastic 




2-160 


rruicAB 

TECHNOLOGY 










/TlintAB 

TECHNOLOGY 


LT1028 


Ultra-Low Noise Precision 
High Speed Op Amp 


F€ATUR€S 


DCSCRIPTIOR 


Voltage Noise 1.1nV/VHz Max. at 1kHz 

0.85n V/VHz Typ. at 1 kHz 
I.OnV/VHzTyp. at 10Hz 
35nVp-p Typ., 0.1 Hz to 1 0Hz 
Voltage and Current Noise 100% Tested 
Gain-Bandwidth Product 50MHz Min. 

Slew Rate 11V/psMin. 

Offset Voltage %V Max. 

Voltage Gain 7 Million Min. 

Drift with Temperature 0.8/iV/°C Max. 


APPUCATIOnS 

■ Low Noise Frequency Synthesizers 

■ High Quality Audio 

■ Infrared Detectors 

■ Accelerometer and Gyro Amplifiers 

■ 3500 Bridge Signal Conditioning 

■ Magnetic Search Coil Amplifiers 

■ Hydrophone Amplifiers 


The LT1028 achieves a new standard of excellence 
in noise performance with 0.85n V/VHz 1kHz noise, 
1.0nV/VHz 10Hz noise. This ultra low noise is combined 
with excellent high speed specifications (gain-bandwidth 
product is 75MHz), distortion free output, and true preci- 
sion parameters (0.fyV/°C drift, %V offset voltage, 30 
million voltage gain). Although the LT1028 input stage 
operates at nearly 1mA of collector currents to achieve 
low voltage noise, input bias current is only 25nA. 

The LT1028’s voltage noise is less than the noise of a 50Q 
resistor. Therefore, even in very low source impedance 
transducer or audio amplifier applications, the LT1028’s 
contribution to total system noise will be negligible. 


Flux Gate Amplifier 


Voltage Noise vs Frequency 
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LT1028 


absolute maximum ratiags 


PACKAGE/ORDER IRFORfRATIOR 


Supply Voltage 

-55°Cto105°C ± 22 V 

105°C to 125°C ± 16V 

Differential Input Current (Note 8) ±25mA 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1028AM, M -55°Cto125°C 

LT1028AC, C 0°Cto 70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 
Vqs TRIM 



v- 

(CASE) 


H8 PACKAGE TO-5 METAL CAN 


TOP VIEW 



J8 PACKAGE HERMETIC DIP 
N8 PACKAGE PLASTIC DIP 


ORDER PART NUMBER 


LT1028AMH 

LT1028MH 

LT1028ACH 

LT1028CH 


LT1028AMJ8 

LT1028MJ8 

LT1028ACJ8 

LT1028CJ8 

LT1028ACN8 

LT1028CN8 


ELECTRICAL CHARACTERISTICS V$= ± 15V, Ta = 25°C, unless otherwise noted. 



1 


LT1028AM/AC 1 


LT1028M/C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

! Input Offset Voltage 

(Note 1) 


10 

40 


20 

80 

mV 

AV 0S 

Long Term Input Offset 

(Note 2) 


0.3 



0.3 


/tV/Mo 

ATime 

Voltage Stability 









•os 

Input Offset Current 

Vcm= 0V 


12 

50 


18 

100 

nA 

•b 

Input Bias Current 

< 

o 

s 

II 


±25 

±90 


±30 

±180 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 3) 


35 

75 


35 

90 

nVp-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 4) 


1.0 

1.7 


1.0 

1.9 

nV/VRz 



f 0 = 1000Hz, 100% tested 


0.85 

1.1 


0.9 

1.2 

nV/VRz 

*n 

Input Noise Current Density 

f 0 = 10Hz (Notes 3 and 5) 


4.7 

10.0 


4.7 

12.0 

pA/Vi-Tz 



f 0 = 1000 Hz, 100% tested 


1.0 

1.6 


1.0 

1.8 

pA/Vfiz 


Input Resistance 










Common-Mode 



300 



300 


m 


Differential Mode 



20 



20 


kQ 


Input Capacitance 


5 | 

1 5 | 

PF 


Input Voltage Range 


±11.0 

±12.2 


±11.0 

±12.2 


V 

CMRR 

Common-Mode Rejection 

Ratio 

V CM =±11V 

114 

126 


110 

126 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = ±4Vto ± 18V 

117 

133 


110 

132 


dB 

a vol 

Large Signal Voltage Gain 

R L >2kO,V 0 =±12V 

7.0 

30.0 


5.0 

30.0 


V//iV 



R L >1kfl, V 0 = ± 10V 

5.0 

20.0 


3.5 

20.0 


V/^V 



R l >600G,V o =±10V 

3.0 

15.0 


2.0 

15.0 


V//*V 

V OUT 

Maximum Output Voltage 

R L >2kfi 

±12.3 

±13.0 


±12.0 

±13.0 


V 


Swing 

R|_>600Q 

±11.0 

±12.2 


±10.5 

±12.2 


V 

SR 

Slew Rate 

> 

p 

7i 

i 

11 

15 


11 

15 


V/,iS 

GBW 

Gain-Bandwidth Product 

f 0 = 20kHz (Note 6) 

50 

75 


50 

75 


MHz 

Zo 

Open Loop Output Impedance 

V o = 0, l o = 0 

! 80 

! 80 

Q 

■s 

Supply Current 



7.4 

9.5 


7.6 

10.5 

mA 
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ELECTRICAL CHARACTERISTICS V s = ± 15V, -55 °C<Ta< 125°C, unless otherwise noted. 






LT1028AM 



LT1028M 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V OS 

Input Offset Voltage 

(Note 1) 

• 


30 

120 


45 

180 

M V 

A V 0 s 

Average Input 

(Note 7) 

• 


0.2 

0.8 


0.25 

1.0 

mV/°C 

ATemp 

Offset Drift 










•os 

Input Offset Current 

Vcm = 0V 

• 


25 

90 


30 

180 

nA 

•b 

Input Bias Current 

V C M = 0V 

• 


±40 

±150 


±50 

±300 

nA 


Input Voltage Range 


• 

±10.3 

±11.7 


±10.3 

±11.7 


V 

CMRR 

Common-Mode Rejection 

Ratio 

V CM =± 10.3V 

• 

106 

122 


100 

120 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = ± 4.5V to ± 16V 

• 

110 

130 


104 

130 


dB 

a vol 

Large Signal Voltage Gain 

R L >2kQ, V 0 = ± 10V 

• 

3.0 

14.0 


2.0 

14.0 


V/mV 



R L >1kfi,V o =±10V 


2.0 

10.0 


1.5 

10.0 


V/mV 

VoUT 

Maximum Output Voltage 

Swing 

R L >2kfl 

• 

±10.3 

±11.6 


±10.3 

±11.6 


V 

•s 

Supply Current 


• 


8.7 

11.5 


9.0 

13.0 

mA 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, 0 °C<Ta< 70°C, unless otherwise noted. 






LT1028AC 



LT1028C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

(Note 1) 

• 


15 

80 


30 

125 

mV 

AVqs 

Average Input 

(Note 7) 

• 


0.1 

0.8 


0.2 

1.0 

mV/°C 

ATemp 

Offset Drift 










•os 

Input Offset Current 

V C M = 0V 

• 


15 

65 


22 

130 

nA 

•b 

Input Bias Current 

V« = 0V 

• 


±30 

±120 


±40 

±240 

nA 


Input Voltage Range 


• 

±10.5 

±12.0 


±10.5 

±12.0 


V 

CMRR 

Common-Mode Rejection 

Ratio 

V CM =± 10.5V 

• 

110 

124 


106 

124 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = ± 4.5V to ± 18V 

• 

114 

132 


107 

132 


dB 

a vol 

Large Signal Voltage Gain 

R L >2kfi, V 0 = ± 10V 

• 

5.0 

25.0 


3.0 

25.0 


V/mV 



R L >1kQ,V o =±10V 


4.0 

18.0 


2.5 

18.0 


V/mV 

V OUT 

Maximum Output Voltage 

R L >2kO 

• 

±11.5 

±12.7 


±11.5 

±12.7 


V 


Swing 

R L >600fi (Note 9) 


±9.5 

±11.0 


±9.0 

±10.5 


V 

•s 

Supply Current 


• 


8.0 

10.5 


8.2 

11.5 

mA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of power. In addi- 
tion, at T a = 25°C, offset voltage is measured with the chip heated to ap- 
proximately 55°C to account for the chip temperature rise when the device 
is fully warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods after the first 30 days 
of operation. Excluding the initial hour of operation, changes in V 0 s during 
the first 30 days are typically 2.5 mV. 

Note 3: This parameter is tested on a sample basis only. 

Note 4: 10Hz noise voltage density is sample tested on every lot. Devices 
100% tested at 10Hz are available on request. 


Note 5: Current noise is defined and measured with balanced source resis- 
tors. The resultant voltage noise (after subtracting the resistor noise on an 
RMS basis) is divided by the sum of the two source resistors to obtain cur- 
rent noise. Maximum 10Hz current noise can be inferred from 100% testing 
at 1 KHz. 

Note 6: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 7: This parameter is not 100% tested. 

Note 8: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input volt- 
age exceeds ± 1 .8V, the input current should be limited to 25mA. 

Note 9: This parameter guaranteed by design, fully warmed up at 
T a = 70°C. It includes chip temperature increase due to supply and load 
currents. 
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TOTAL NOISE DENSITY (nV/VRz) NUMBER OF UNITS 


LT1028 



4 6 

8 

10 

0 

20 

40 60 

80 

100 

-50 -25 0 25 50 75 100 125 

TIME (SECONDS) 





TIME (SECONDS) 



TEMPERATURE (°C) 
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LT1028 


TYPICAL PCAPOAfflAftCC CHARACTERISTICS 


Distribution of Input Offset Voltage 


V s = ± 15V ' 

“ 

n 




T a — 25 C 

800 UNITS TESTED 
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-50 - 40 - 30 - 20 -10 0 10 20 30 40 50 
OFFSET VOLTAGE ((At) 


Offset Voltage Drift with Temperature 
of Representative Units 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Long Term Stability of Five 
Representative Units 



TIME (MONTHS) 



0 1 2 3 4 5 

TIME AFTER POWER ON (MINUTES) 


Input Bias and Offset Currents 
Over Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bias Current Over the Common-Mode 
Range 



COMMON-MODE INPUT VOLTAGE (V) 


Voltage Noise vs Supply Voltage 



0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE (V) 


Supply Current vs Temperature 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Short Circuit Current vs Time 



50 | 1 1 1 1 1 1 1 

0 12 3 

TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 
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LT1028 


nppucATioAs iNFonmflTion 
— noise 

Voltage Noise vs Current Noise 

The LT1028’s less than InV/VHz voltage noise is three 
times better than the lowest voltage noise heretofore 
available (on the LT1007/1037). A necessary condition for 
such low voltage noise is operating the input transistors 
at nearly 1mA of collector currents, because voltage noise 
is inversely proportional to the square root of the collector 
current. Current noise, however, is directly proportional to 
the square root of the collector current. Consequently, the 
LT1028’s current noise is significantly higher than on most 
monolithic op amps. 

Therefore, to realize truly low noise performance it is im- 
portant to understand the interaction between voltage 
noise (e n ), current noise (i n ) and resistor noise (r n ). 

Total Noise vs Source Resistance 

The total input referred noise of an op amp is given by 

et = [en 2 + r n 2 + (inReq) 2 ] 1 ® 

where R e q is the total equivalent source resistance at the 
two inputs 

and r n =V4kTR e q=0.13VR^ in nV/VHz at 25°C 

As a numerical example, consider the total noise at 1kHz 
of the gain 1000 amplifier shown below. 


100S2 100k 



Req=100fl+1008!100k*200$t 
r n = 0.1 3V200 = 1 .84n V/VHz 
e n =0.85nV/VHz 
i n = 1.0pA/VHz 

e t = [0.85 2 + 1 .84 2 + (i. 0x 0 . 2 ) 2 ] 1 ' 2 = 2.04nV/VHz 
output noise = 1000 et=2.04/iV/VHz 


At very low source resistance (Req <400) voltage noise 
dominates. As R eq is increased resistor noise becomes 
the largest term— as in the example above— and the 
LT1028’s voltage noise becomes negligible. As Req is fur- 
ther increased, current noise becomes important. At 1kHz, 
when R eq is in excess of 20k0, the current noise compo- 
nent is larger than the resistor noise. The total noise ver- 
sus matched source resistance plot illustrates the above 
calculations. 

The plot also shows that current noise is more dominant 
at low frequencies, such as 10Hz. This is because resistor 
noise is flat with frequency, while the 1/f corner of current 
noise is typically at 250Hz. At 10Hz when R e q>1kQ, the 
current noise term will exceed the resistor noise. 

When the source resistance is unmatched, the total noise 
versus unmatched source resistance plot should be con- 
sulted. Note that total noise is lower at source resistances 
below Ikfi because the resistor noise contribution is less. 
When Rs>1kQ total noise is not improved, however. This 
is because bias current cancellation is used to reduce in- 
put bias current. The cancellation circuitry injects two 
correlated current noise components into the two inputs. 
With matched source resistors the injected current noise 
creates a common-mode voltage noise and gets rejected 
by the amplifier. With source resistance in one input only, 
the cancellation noise is added to the amplifier’s inherent 
noise. 

In summary, the LT1028 is the optimum amplifier for noise 
performance— provided that the source resistance is kept 
low. The following table depicts which op amp manufac- 
tured by Linear Technology should be used to minimize 
noise-as the source resistance is increased beyond the 
LT1028’s level of usefulness. 

Best Op Amp for Lowest Total Noise 
vs Source Resistance 


SOURCE RESISTANCE 
(Note 1) 

BEST OP AMP 

AT LOW FREQ (10Hz) WIDEBAND (1kHz) 

0 to 4000 

LT1028 

LT1028 

4000 to 4kO 

LT1 007/1 037 

LT1028 

4k0 to 40kO 

LT1001 

LT1007/1037 

40k0 to 500kfl 

LT1012 

LT1001 

500k0 to 5MQ 

LT1 01 2 or LT 1 055 

LT 1012 

>5M 

LT1055 

LT1055 


Note 1: Source resistance is defined as matched or unmatched, e.g., 

R s = 1 kO means: 1 kO at each input, or 1 kO at one input and zero at the other. 
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APPUCflTIOAS INFORfflATlOA 

— noise 

Noise Testing-Voltage Noise 

The LT1028’s RMS voltage noise density can be accurately 
measured using the Quan Tech Noise Analyzer, Model 
5173 or an equivalent noise tester. Care should be taken, 
however, to subtract the noise of the source resistor used. 
Prefabricated test cards for the Model 5173 set the device 
under test in a closed loop gain of 31 with a 6011 source 
resistor and a 1.8kfl feedback resistor. The noise of 
this resistor combination is 0.13V58 = 1 .OnV/VHz. An 
LT1028 with 0.85nV/VHz noise will read (0.852 + 1.02)1/2 = 
1.31nV/VHz. For better resolution, the resistors should be 
replaced with a 10Q source and 3000 feedback resistor. 
Even a 100 resistor will show an apparent noise which is 
8-10% too high. 

The 0.1Hz to 10Hz peak-to-peak noise of the LT1028 is 
measured in the test circuit shown. The frequency re- 
sponse of this noise tester indicates that the 0.1Hz corner 
is defined by only one zero. The test time to measure 0.1 Hz 
to 10Hz noise should not exceed 10 seconds, as this time 
limit acts as an additional zero to eliminate noise con- 
tributions from the frequency band below 0.1 Hz. 


Measuring the typical 35nV peak-to-peak noise perform- 
ance of the LT1028 requires special test precautions: 

(a) The device should be warmed up for at least five min- 
utes. As the op amp warms up, its offset voltage 
changes typically 10 pV due to its chip temperature in- 
creasing 30°C to 40°C from the moment the power 
supplies are turned on. In the 10 second measurement 
interval these temperature-induced effects can easily 
exceed tens of nanovolts. 

(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of thermo- 
electric effects in excess of a few nanovolts, which 
would invalidate the measurements. 

(c) Sudden motion in the vicinity of the device can also 
“feedthrough” to increase the observed noise. 

A noise-voltage density test is recommended when meas- 
uring noise on a large number of units. A 10Hz noise-volt- 
age density measurement will correlate well with a 0.1Hz 
to 10Hz peak-to-peak noise reading since both results are 
determined by the white noise and the location of the 1/f 
corner frequency. 


0.1 Hz to 10Hz Noise Test Circuit 


0.1 Hz to 10Hz p-p Noise 
Tester Frequency Response 


0.1/xF 



100 
90 
80 

I 70 

z 

o 60 
50 
40 
30 

0.01 0.1 1.0 10 100 
FREQUENCY (Hz) 
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APPUCATIOnS INFORfflATIOfl 

— noise 

Noise Testing— Current Noise 

Current noise density (i n ) is defined by the following 
formula, and can be measured in the circuit shown: 

. _ [e no 2 - (31 x 18.4nV/VHz)2]t/2 
' n= 20k x 31 

1.8k 

I wv 1 



If the Quan Tech Model 5173 is used, the noise reading is 
input-referred, therefore the result should not be divided 
by 31; the resistor noise should not be multiplied by 31. 

100% Noise Testing 

The 1kHz voltage and current noise is 100% tested on the 
LT1028 as part of automated testing; the approximate fre- 
quency response of the filters is shown. The limits on the 
automated testing are established by extensive correla- 
tion tests on units measured with the Quan Tech Model 
5173. 


10Hz voltage noise density is sample tested on every lot. 
Devices 100% tested at 10Hz are available on request for 
an additional charge. 

10Hz current noise is not tested on every lot but it can be 
inferred from 100% testing at 1kHz. A look at the current 
noise spectrum plot will substantiate this statement. The 
only way 10Hz current noise can exceed the guaranteed 
limits is if its 1/f corner is higher than 800Hz and/or its 
white noise is high. If that is the case then the 1kHz test 
will fail. 



100 Ik 10k 100k 

FREQUENCY (Hz) 


AppucATions mFOAmniion 

General 

The LT1028 series devices may be inserted directly into 
OP-07, OP-27, OP-37, LT1007 and LT1037 sockets with or 
without removal of external nulling components. In addi- 
tion, the LT1028 may be fitted to 5534 sockets with the re- 
moval of external compensation components. 

Offset Vbltage Adjustment 

The input offset voltage of the LT1028 and its drift with 
temperature, are permanently trimmed at wafer testing to 
a low level. However, if further adjustment of Vos is neces- 
sary, the use of a 1 k nulling potentiometer will not degrade 
drift with temperature. Trimming to a value other than zero 
creates a drift of (Vos/300) /iV/°C, e.g., if Vos is adjusted to 
300 pV, the change in drift will be VV/°C. 



The adjustment range with a Ik pot is approximately 
±1.1 mV. 

Offset Voltage and Drift 

Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input 
terminals, can exceed the inherent drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the 
same temperature. 
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APPucRTions mFORmnnon 

The circuit shown to measure offset voltage is also used 
as the burn-in configuration for the LT1028. 

Test Circuit for Offset Voltage 
and Offset Voltage Drift with Temperature 

10k* 



Frequency Response 

The LT1028’s Gain, Phase vs Frequency plot indicates that 
the device is stable in closed loop gains greater than + 2 
or - 1 because phase margin is about 50° at an open loop 
gain of 6dB. In the voltage follower configuration phase 
margin seems inadequate. This is indeed true when the 
output is shorted to the inverting input and the non-invert- 
ing input is driven from a 50Q source impedance. However, 
when feedback is through a parallel R-C network (provided 
Cf<68pF), the LT1028 will be stable because of interaction 
between the input resistance and capacitance and the 
feedback network. Larger source resistance at the non-in- 
verting input has a similar effect. The following voltage 
follower configurations are stable: 


33pF 




Another configuration which requires unity gain stability 
is shown below. When Cf is large enough to effectively 
short the output to the input at 15MHz, oscillations can oc- 
cur. The insertion of Rs2S:500Q will prevent the LT1028 
from oscillating. When Rsi>500Q, the additional noise 
contribution due to the presence of Rs 2 will be minimal. 
When Rsi <100fi, Rs 2 is not necessary, because Rsi repre- 
sents a heavy load on the output through the Cf short. 
When 1 000 < Rsi <5000, Rs2 should match Rsi. For exam- 
ple, Rsi = Rs 2 = 3000 will be stable. The noise increase due 
to Rs2 is 40%. c. 



If Cf is only used to cut noise bandwidth, a similar effect 
can be achieved using the over-compensation terminal. 

The Gain, Phase plot also shows that phase margin is 
about 45° at a gain of 10 (20dB). The following configura- 
tion has a high (*70%) overshoot without the lOpF 
capacitor because of additional phaseshift caused by the 
feedback resistor-input capacitance pole. The presence 
of the lOpF capacitor cancels this pole and reduces over- 
shoot to 5%. , n „ F 



Over-Compensation 

The LT1028 is equipped with a frequency over-compensa- 
tion terminal (pin 5). A capacitor connected between pin 5 
and the output will reduce noise bandwidth. Details are 
shown on the Slew Rate, Gain-Bandwidth Product vs 
Over-Compensation Capacitor plot. An additional benefit 
is increased capacitive load handling capability. 
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TYPICAL APPUCOTIOnS 


Paralleling Amplifiers to Reduce Voltage Noise Low Noise Voltage Regulator 


28V in 



1. ASSUME VOLTAGE NOISE OF LT1028 AND 7. 5« SOURCE RESISTOR =0.9nV/Vfiz. 

2. GAIN WITH n LT1028’s IN PARALLEL = nx200. 

3. OUTPUT NOISE = Vnx 200 x0.9nV/VHz. 

4. INPUT REFERRED NOISE — - QV j TP LI TNO l SE _ fij nV /VHz. 

n x 200 yfc 

5. NOISE CURRENT AT INPUT INCREASES Vn TIMES. 

6. IF n=5, GAIN = 1000, BANDWIDTH = 1MHz, RMS NOISE, DC TO 1MHz, = ^| = 0.9/*V. 



THE LT1028 S NOISE CONTRIBUTION IS NEGLIGIBLE COMPARED TO THE BRIDGE NOISE. 






LT1028 


TYPICAL APPLICATION 


Phono Preamplifier 


Tape Head Amplifier 




Low Noise, Wide Bandwidth Instrumentation Amplifier 



IF BW LIMITED TO DC TO 100kHz = 0.55 m VRMS 

Gyro Pick-Off Amplifier 


GYRO TYPICAL— 
NORTHRUP CORP. 
GR-G5AH7-.5B 



OUTPUT 


XTUDS® 
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LT1028 


PACKAG6 D6SCAIPTIOAS Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8-Lead Ceramic DIP 



N Package 
8-Lead Plastic DIP 



Tjmax 

®)a 

115°C 

130°C/W 


H Package 

8-Lead TO-5 Metal Can 



NOTE. LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PUNE. 


Tjmax 

*Ja 

»jc 

175°C 

140°C/W 

40°C/W 
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LT1028CS 


Ultra-Low Noise Precision 
High Speed Op Amp 


F€RTUR€S 

■ Voltage Noise 1.2nV/VRz Max. at 1kHz 

0.9nV/VHz Typ. at 1 kHz 
I.OnV/VHzTyp. atlOHz 
35nVp-p Typ., 0.1Hz to 10Hz 

■ Voltage and Current Noise 100% Tested 


■ Gain-Bandwidth Product 50MHz Min. 

■ Slew Rate 11V/#tS Min. 

■ Offset Voltage 80/iV Max. 

■ Voltage Gain 5 Million Min. 

■ Drift with Temperature tyV/°CMax. 


RPPUCRTIORS 

■ Low Noise Frequency Synthesizers 

■ High Quality Audio 

■ Infrared Detectors 

■ Accelerometer and Gyro Amplifiers 

■ 350Q Bridge Signal Conditioning 

■ Magnetic Search Coil Amplifiers 

■ Hydrophone Amplifiers 


D€SCRIPTIOR 

The LT1028 achieves a new standard of excellence 
in noise performance with 0.9nV/VHz 1kHz noise, 
I.OnV/VRz 10Hz noise. This ultra low noise is combined 
with excellent high speed specifications (gain-bandwidth 
product is 75MHz), distortion free output, and true preci- 
sion parameters (0.2/<V/ o C drift, 20/iV offset voltage, 30 
million voltage gain). Although the LT1028 input stage 
operates at nearly 1mA of collector currents to achieve 
low voltage noise, input bias current is only 30nA. 

The LT1028’s voltage noise is less than the noise of a 50Q 
resistor. Therefore, even in very low source impedance 
transducer or audio amplifier applications, the LT1028’s 
contribution to total system noise will be negligible. 


Flux Gate Amplifier 


Voltage Noise vs Frequency 



XTUDS® 
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ABSOLUTE (IIAXimum AATIAGS 

Supply Voltage ±22V 

Differential Input Current (Note 4) ± 25mA 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range 

All Devices -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKAG€/ORD€R IRFORfflATlOA 



€l€CTRICAl CHARACTERISTICS Vs = ± 15V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1028CS 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

(Note 1) 


20 

80 


AVqs 

Long Term Input Offset Voltage 

(Note 2) 


0.3 


pV/Mo 

ATime 

Stability 






■os 

Input Offset Current 

Vcm = 0 V 


18 

100 

nA 

■b 

Input Bias Current 

V CM = 0V 


±30 

±180 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 3) 


35 

90 

nVp-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 


1.0 

1.9 

nV/VHz 



f 0 = 1000Hz, 100% tested 


0.9 

1.2 

nV/VFTz 

in 

Input Noise Current Density 

f 0 = 10Hz (Notes 3 and 5) 


4.7 

12.0 

pA/VHz 



f 0 = 1000Hz, 100% tested 


1.0 

1.8 

pA/VHz 


Input Resistance 







Common-Mode 



300 


MG 


Differential Mode 



20 


kG 


Input Capacitance 

i 

1 5 1 

pF 


Input Voltage Range 


±11.0 

±12.2 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM = ±HV 

110 

126 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4Vto ± 18V 

110 

132 


dB 

a vol 

Large Signal Voltage Gain 

R|_>2kG, V 0 = ± 12V 

5.0 

30.0 


V//lV 



R L >1kfi, V 0 = ± 10V 

3.5 

20.0 


V/^V 



R L >600G,V o =±10V 

2.0 

15.0 


V/^tV 

VoUT 

Maximum Output Voltage Swing 

R L >2kfi 

±12.0 

±13.0 


V 



Rl>600Q 

±10.5 

±12.2 


V 

SR 

Slew Rate 

o 

II 

1 

11 

15 


V//4S 

GBW 

Gain-Bandwidth Product 

f 0 = 20kHz (Note 6) 

50 

75 


MHz 

Zo 

Open Loop Output Impedance 

V 0 = 0, l 0 = 0 

S 80 

G 

Is 

Supply Current 



7.6 

10.5 

mA 
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ELECTRICAL CHARACTERISTICS Vs = ± 15V, 0°C <Ta< 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1028CS 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

• 

30 125 

mV 

AVqs 

ATemp 

Average Input Offset Drift 

(Note 7) 

• 

0.2 1.0 

nW C 

*os 

Input Offset Current 

V C M = 0V 

• 

22 130 

nA 

•b 

Input Bias Current 

v OM =ov 


±40 ±240 

nA 


Input Voltage Range 



±10.5 ±12.0 

V 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 


106 124 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 4.5V to ±18V 

• 

107 132 

dB 

A V0L 

Large Signal Voltage Gain 

R L >2k$l,V o =±10V 

R L >1kG,V o =±10V 


3.0 25.0 

2.5 18.0 

V//iV 

V/^V 

V OUT 

Maximum Output Voltage Swing 

R L >2kft 

• 

±11.5 ±12.7 

V 

k 

Supply Current 


• 

8.2 11.5 

mA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 sec. after application of power. In addi- 
tion, at T a = 25°C, offset voltage is measured with the chip heated to ap- 
proximately 55°C to account for the chip temperature rise when the device 
is fully warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average trend 
line of Offset Voltage vs. Time over extended periods after the first 30 days 
of operation. Excluding the initial hour of operation, changes in V 0 s during 
the first 30 days are typically 2.5^V. 

Note 3: This parameter is tested on a sample basis only. 


Note 4: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input volt- 
age exceeds ± 1 .8 V, the input current should be limited to 25mA. 

Note 5: Current noise is defined and measured with balanced source resis- 
tors. The resultant voltage noise (after subtracting the resistor noise on an 
RMS basis) is divided by the sum of the two source resistors to obtain cur- 
rent noise. Maximum 10Hz current noise can be inferred from 100% testing 
at 1kHz. 

Note 6: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 7: This parameter is not 100% tested. 


jjwm 
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rrimv. 

ilk r TECHNOLOGY 


F€ATUR€S 

■ No External Components Required 

■ Noise Tested and Guaranteed 

■ Low Aliasing Errors 

■ Maximum Offset Voltage 5/tV 

■ Maximum Offset Voltage Drift 0.5/iW°C 

■ Low Noise 1.6/iVp.p (0.1Hz to 10Hz) 

■ Minimum Voltage Gain, 130dB 

■ Minimum PSRR, 125dB 

■ Minimum CMRR, 120dB 

■ Low Supply Current 1mA 

■ Single Supply Operation 4.75V to 16V 

■ Input Common Mode Range Includes Ground 

■ Output Swings to Ground 

■ Typical Overload Recovery Time 3ms 

APPLICATORS 

■ Thermocouple Amplifiers 

■ Electronic Scales 

■ Medical Instrumentation 

■ Strain Gauge Amplifiers 

■ High Resolution Data Acquisition 

■ DC Accurate R, C Active Filters 


Precision Chopper Stabilized 
Operational Amplifier With 
Internal Capacitors 

DCSCRIPTIOR 

The LTC1050 is a high performance, low cost chopper sta- 
bilized operational amplifier. The unique achievement of 
the LTC1050 is that it integrates on chip the two sample- 
and-hold capacitors usually required externally by other 
chopper amplifiers. Further, the LTC1050 offers better 
combined overall DC and AC performance than is avail- 
able from other chopper stabilized amplifiers with or with- 
out internal sample/hold capacitors 

The LTC1050 has an offset voltage of 0.5 /*V, drift of 
0.01/iV/°C, DC to 10Hz, input noise voltage of 1.6/iVp. p and 
a typical voltage gain of 160dB. The slew rate of 4 V//jS and 
a gain bandwidth product of 2.5MHz are achieved with 
only 1mA of supply current. 

Overload recovery times from positive and negative 
saturation conditions are 1.5ms and 3ms respectively, 
which represents an improvement of about 100 times over 
chopper amplifiers using external capacitors. Pin 5 is an 
optional external clock input, useful for synchronization 
purposes. 

The LTC1050 is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an 8-pin 
S08 package. The LTC1050 can be an improved plug in re- 
placement for most standard op amps. 


TYPICAL APPLICATOR 


High Performance Low Cost instrumentation Amplifier 


Noise Spectrum 
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LTC1050 


absolute maximum rrtirgs 

(Note 1) 

Total Supply Voltage (V + to V— ) 18V 

Input Voltage (V+ + 0.3V) to (V- -0.3V) 

Output Short Circuit Duration Indefinite 


Operating Temperature Range 

LTC1050AM/M -55°C to 125°C 

LTC1050AC/C - 40°C to 85°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


prckrge/order lAFOftmmrion 


TOP VIEW 

NC 

ORDER PART NUMBER 

ncE 

—IN [T 
+in(T 
v-[ 7 

8 

TOP VIEW 

]Qnc 

7] v+ 

6] OUT 

71 EXT CLOCK 

XI INPUT 

DIC 

ORDER PART NUMBER 

NC 

-IN (1 

+IN 

H PACKAGE 
LEAD METAL C 

V+ (CASE) 

pOUT 

EXT CLOCK 

INPUT 

VN 

LTC1050AMH 

LTC1050MH 

LTC1050ACH 

LTC1050CH 

S8 PACKAGE 
EAD PLASTICS 

LTC1050CS8 

nc[T 

-in|7 

+in(T 

v-E 

J PACKAG 
8 LEAD CERAM 

TOP VIEW 

E N 1 

IIC DIP 8 LEAD 

8]NC 

3 V + 

6] OUT 

Tl EXT CLOCK 
-J INPUT 

PACKAGE 

PLASTIC DIP 

LTC1050AMJ8 

LTC1050MJ8 

LTC1050ACJ8 

LTC1050CJ8 

LTC1050ACN8 

LTC1050CN8 

NC (T 
NC [7 

NC [7 
-IN [T 

+in[7 

NC [6 

v-E 

TOP VIEW 

N PACKAGE 
LEAD PLASTIC D 

J4j NC 

T3J NC 

T|J NC 
p V + 

75J OUT 

7] NC 
§ NC 

IP 

LTC1050ACN 

LTC1050CN 


ELECTRICAL CHARACTERISTICS 

Vs = ± 5V, Ta = operating temperature range unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1050AM 

MIN TYP MAX 

LTC1050AC 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

T A = 25°C(Note 3) 


±0.5 ±5 

±0.5 ±5 

mV 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

±0.01 ±0.05 

/aV/°C 

Long Term Offset Voltage Drift 



50 

50 

nV/VMo 

Input Offset Current 

T A =25°C(Note5) 


±20 ±60 

±20 ±60 

pA 



• 

±150 

±150 

pA 

Input Bias Current 

T A = 25°C(Note 5) 


±10 ±30 

±10 ±30 

pA 



• 

±800 

±100 

PA 

Input Noise Voltage 

0.1Hz to 10Hz (Note 6) 


1.6 2.1 

1.6 2.1 

pVp-p 


DC to 1Hz 


0.6 

0.6 

/iVp.p 

Input Noise Current 

f = 10Hz (Note 4) 


2.2 

2.2 

fA/VHz 

Common Mode Rejection Ratio 

V C m = V- to +2.7V,T A = 25°C 


120 140 

120 140 

dB 



• 

120 

120 

dB 

Power Supply Rejection Ratio 

V s =± 2.375V to ±8V 

• 

125 140 

125 140 

dB 

Large Signal Voltage Gain 

Ri_=10kQ, Vqut= ±4V 

• 

130 160 

130 160 

dB 

Maximum Output Voltage Swing 

R L =10kQ 

• 

±4.7 ±4.85 

±4.7 ±4.85 

V 


R L =100kQ 


±4.95 

±4.95 

V 

Slew Rate 

R L = 1 0kli, C|_ = 50pF 


4 

4 

V/jiS 

Gain Bandwidth Product 


i 

i 

2.5 

2.5 

MHz 

Supply Current 

No Load,T A =25°C 


1 1.5 

1 1.5 

mA 



• 

2.3 

2.3 

mA 

Internal Sampling Frequency 



2.5 

2.5 

kHz 


2-182 


xtudsi 








LTC1050 


eiecTRicm characteristics 

V$ = ± 5V, Ta = operating temperature range unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1050M 

MIN TYP MAX 

LTC1050C 

! MIN TYP MAX 

UNITS 

Input Offset Voltage 

T A = 25°C(Note3) 


±0.5 ±5 

±0.5 ±5 

tM 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

±0.01 ±0.05 

mV / 0 c 

Long Term Offset Voltage Drift 



50 

50 

nV/VMo 

Input Offset Current 

T A = 25°C(Note5) 


±20 ±100 

±20 ±125 

pA 



• 

±200 

±200 

pA 

Input Bias Current 

T A = 25°C(Note 5) 


±10 ±50 

±10 ±75 

pA 



• 

±1000 

±150 

pA 

Input Noise Voltage 

R s = 1000, 0.1 Hz to 10Hz (Note 6) 


1.6 

1.6 

pVp-p 


R s = 1000, DC to 1Hz 


0.6 

0.6 

/iVp.p 

Input Noise Current 

f= 10Hz (Note 4) 


2.2 

2.2 

fAA/Hz 

Common Mode Rejection Ratio 

V CM = V - to + 2.7V, T A = 25°C 


114 130 

114 130 

dB 



• 

110 

110 

dB 

Power Supply Rejection Ratio 

V s = ± 2.375V to ±8V 

• 

120 140 

120 140 

dB 

Large Signal Voltage Gain 

R L = 10kG, V 0UT = ±4V 

• 

120 160 

120 160 

dB 

Maximum Output Voltage Swing 

R L = 10kO 

• 

±4.7 ±4.85 

±4.7 ±4.85 

V 


R L = lOOkO 


±4.95 

±4.95 

V 

Slew Rate 

R L =10kG, C L = 50pF 


4 

4 

V/^s 

Gain Bandwidth Product 



2.5 

2.5 

MHz 

Supply Current 

No Load,T A = 25°C 


1 1.5 

1 1.5 

mA 



• 

2.3 

2.3 

mA 

Internal Sampling Frequency 



2.5 

2.5 

kHz 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Absolute Maximum ratings are those values beyond which life of 
the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V + or less than 
V - may cause destructive latch-up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1050. 


Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic test 
systems. V 0 s is measured to a limit determined by test equipment capability. 
Note 4: Current Noise is calculated from the formula: In = V(2q • tb) where 
q = 1.6x10~ 19 Coulomb. 

Note 5: At T A <0°C these parameters are guaranteed by design and not 
tested. 

Note 6: Every lot of LTC1050AM and LTC1050AC is 100% tested for Broad- 
band Noise @ 1 kHz and sample tested for Input Noise Voltage @ 0.1 Hz to 
10Hz. 


T€ST CIRCUITS 

Electrical Characteristics Test Circuit DC-IOHz Noise Test Circuit 

475k 
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TYPICAL PCRFOAfflAACC CHARACTERISTICS 


Offset Voltage vs Sampling 
Frequency 


10Hz p .p Noise vs Sampling 
Frequency 


Common-Mode Input Range vs 
Supply Voltage 


10 

8 

6 

4 

2 

0 

2 2.5 3 3.5 4 4.5 

SAMPLING FREQUENCY, f s (kHz) 





TT 




v s 

> 





/ 





/ 





7^ 





! 




/ 





/ 





/ 




z 

/ 



31 

O 



100 Ik 10k 

SAMPLING FREQUENCY, f s (Hz) 



0 ±1 ±2 ±3 ±4 ±5 ±6 ±7 ±8 

SUPPLY VOLTAGE (V) 


Sampling Frequency vs Supply 
Voltage 


Sampling Frequency vs 
Temperature 


Overload Recovery 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) 








±5V- 






-vs 















— 

N 
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— 
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— 

— 

























-50 - 25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


-►j | 0.5ms 



Supply Current vs Supply Voltage 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) 


Supply Current vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Output Short Circuit Current vs 
Supply Voltage 



4 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) 
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nppucDTions mFORmnnon 

ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE 
Picoamperes 

In order to realize the picoampere level of accuracy of the 
LTC1050, proper care must be exercised. Leakage currents 
in circuitry external to the amplifier can significantly de- 
grade performance. High quality insulation should be 
used (e.g., Teflon, Kel-F); cleaning of all insulating sur- 
faces to remove fluxes and other residues will probably be 
necessary — particularly for high temperature perfor- 
mance. Surface coating may be necessary to provide a 
moisture barrier in high humidity environments. 

Board leakage can be minimized by encircling the input 
connections with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations the 
guard ring should be tied to ground; in non-inverting con- 
nections to the inverting input (see Figure 1). Guarding 
both sides of the printed circuit board is required. Bulk 
leakage reduction depends on the guard ring width. 



Microvolts 

Thermocouple effects must be considered if the LTC1050’s 
ultra low drift is to be fully utilized. Any connection of 
dissimilar metals forms a thermoelectric junction produc- 
ing an electric potential which varies with temperature 
(Seebeck effect). As temperature sensors, thermocouples 
exploit this phenomenon to produce useful information. In 
low drift amplifier circuits the effect is a primary source of 
error. 


Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates for thermal 
EMF generation. Junctions of copper wire from different 
manufacturers can generate thermal EMFs of 200nV/°C — 
4 times the maximum drift specification of the LTC1050. 
The copper/kovar junction, formed when wire or printed 
circuit traces contact a package lead, has a thermal EMF 
of approximately 35/A//°C - 700 times the maximum drift 
specification of the LTC1050. 

Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
component selection. It is good practice to minimize the 
number of juctions in the amplifier’s input signal path. 
Avoid connectors, sockets, switches and relays where 
possible. In instances where this is not possible, attempt 
to balance the number and type of junctions so that dif- 
ferential cancellation occurs. Doing this may involve de- 
liberately introducing junctions to offset unavoidable 
junctions. 

Figure 2 is an example ot the introduction of an unneces- 
sary resistor to promote differential thermal balance. 
Maintaining compensating junctions in close physical 
proximity will keep them at the same temperature and re- 
duce thermal EMF errors. 

NOMINALLY UNNECESSARY 
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APPUCATions inFonmnnon 

When connectors, switches, relays and/or sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques of thermally balancing and 
coupling the matching junctions are effective in reducing 
the thermal EMF errors of these components. 

Resistors are another source of thermal EMF errors. Table 
1 shows the thermal EMF generated for different resistors. 
The temperature gradient across the resistor is important, 
not the ambient temperature. There are two junctions 
formed at each end of the resistor and if these junctions 
are at the same temperature, their thermal EMFs will can- 
cel each other. The termal EMF numbers are approximate 
and vary with resistor value. High values give higher ther- 
mal EMF. 


Table 1. Resistor Thermal EMF 


Resistor Type 

Thermal EMF/°C Gradient 

Tin Oxide 

~mV/°C 

Carbon Composition 

~450/iV/°C 

Metal Film 

~2(fyV/°C 

Wire Wound 


Evenohm 

~2/tV/°C 

Manganin 

~2/tV/°C 


PACKAGE-INDUCED OFFSET VOLTAGE 

Package-induced thermal EMF effects are another im- 
portant source of errors. It arises at the copper/kovar junc- 
tions formed when wire or printed circuit traces contact a 
package lead. Like all the previously mentioned thermal 
EMF effects, it is outside the LTC1050’s offset nulling loop 
and cannot be cancelled. Metal can H packages exhibit 
the worst warm-up drift. The input offset voltage specifica- 
tion of the LTC1050 is actually set by the package-induced 
warm-up drift rather than by the circuit itself. The thermal 
time constant ranges from 0.5 to 3 minutes, depending on 
package type. 

OPTIONAL EXTERNAL CLOCK 

An external clock is not required for the LTC1050 to oper- 
ate. The internal clock circuit of the LTC1050 sets the nom- 
inal sampling frequency at around 2.5kHz. This frequency 
is chosen such that it is high enough to remove the am- 


plifier 1/f noise, yet still low enough to allow internal cir- 
cuits to settle. The oscillator of the internal clock circuit 
has a frequency 4 times the sampling frequency and its 
output is brought out to pin 5 through a 2klt resistor. When 
the LTC1050 operates without using an external clock, pin 
5 should be left floating and capacitive loading on this pin 
shoud be avoided. If the oscillator signal on pin 5 is used 
to drive other external circuits, a buffer with low input 
capacitance is required to minimize loading on this pin. 
Figure 3 illustrates the internal sampling frequency versus 
capacitive loading at pin 5. 



Figure 3. Sampling Frequency vs 
Capacitance Loading at Pin 5 

When an external clock is used, it is directly applied to 
pin 5. The internal oscillator signal on pin 5 has very low 
drive capability and can be over-driven by any external 
signal. When the LTC1050 operates on ±5V power sup- 
plies, the external clock level is TTL compatible. 

Using an external clock can affect performance of the 
LTC1050. Effects of external clock frequency on input off- 
set voltage and input noise voltage are shown in the sec- 
tion of typical performance characteristics. The sampling 
frequency is the external clock frequency divided by 4. In- 
put bias currents at temperatures below 100°C are dom- 
inated by the charge injection of input switches and they 
are basically proportional to the sampling frequency. At 
higher temperatures, input bias currents are mainly due to 
leakage currents of the input protection devices and are 
insensitive to the sampling frequency. 


XTUDS® 
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APPLICATIOAS lAFOAfflATlOA 

LOW SUPPLY OPERATION 

The minimum supply for proper operation of the LTC1050 
is typically below 4.0V (± 2.0V). In single supply applica- 
tions, PSRR is guaranteed down to 4.7V (±2.35 V) to en- 
sure proper operation down to the minimum TTL specified 
voltage of 4.75V. 

PIN COMPATIBILITY 

The LTC1050 is pin compatible with the 8-pin versions of 
7650, 7652 and other chopper-stabilized amplifiers. The 
7650 and 7652 require the use of two external capacitors 


connected to pin 1 and 8 which are not needed for the 
LTC1050. Pin 1 and pin 8 of the LTC1050 are not connected 
internally while pin 5 is an optional external clock input 
pin. The LTC1050 can be a direct plug in for the 7650 and 
7652 even if the two capacitors are left on the circuit 
board. 

In applications operating from below + 16V total power 
supply, (+8V), the LTC1050 can replace many industry- 
standard operational amplifiers such as the 741, LM101, 
LM108, OP07, etc. For devices like the 741 and LM101, the 
removal of any connection to pin 5 is all that is needed. 


TYPICAL APPUCATIOAS 


Strain Gauge Signal Conditioner with Bridge Excitation 


1200 2.5V 



Ik 1% 

1% 1000 255k 
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TYPICAL APPLICATION 


Fast Precision Inverter 


± 100mA Output Drive 


10k 10k 

1 % 1 % 



SETTLING TIME = 5/iS TO 0.01% (10V STEP) 
OFFSET VOLTAGE = 5 m V 
OFFSET DRIFT = 50nV/°C 


10k 



FULL POWER BANDWIDTH = 10kHz 


Ground Referred Precision Current Sources 


LT 1 034 




v OUT 



l 0UT = 


1.235V 

R SET 


r SET 


0<louT=s25mA* 

(V-) + 2V<V 0 ut=s-1.8V 

‘MAXIMUM CURRENT LIMITED BY 
POWER DISSIPATION OF 2N2907 




LTC1050 


TVPICHl RPPUCRTIOAS 


Precision Voltage Controlled Current Source 
with Ground Referred Input and Output 


INPUT _3, 7 

0-3. 2V 6 yS 

ITC1050 - [ 2N2222 


i cb 1 

| LTC1043 I 

ftl — o o — |y| 


LZJ m i? 

nr o.oovf nr 


Sample-and-Hold Amplifier 


Ultra Precision Voltage Inverter 


LTC1043 

I 1 


C- H 6 \ - -O 


HOLD I 

,r A- 


1 1 

] , yo 

— ob — l 



FOR 1V<V| N <4V, THE HOLD STEP IS <300 M V. 
ACQUISITION TIME IS DETERMINED BY THE SWITCH R 0 n 
C L TIME CONSTANT 


FOR v S = ±5V, (V — ) + 1.8 V<V|n<V + 
v OUT= -V|M±20ppm 

MATCHING BETWEEN C-| AND C 2 NOT REQUIRED 


rruum 
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TYPICAL APPLICATION 


Instrumentation Amplifier with Low Offset and Input Bias Current 



OUTPUT 


OFFSET VOLTAGE <±10 M V 
•INPUT BIAS CURRENT = 15pA 
CMRR = 100dB FOR GAIN = 100 
INPUT REFERRED NOISE =5 M V p . p FOR C=O.VF 
= 20/nV p _p FOR C=O.OfyF 


Instrumentation Amplifier with 100V Common Mode Input Voltage 



OUTPUT OFFSET <5mV 


FOR 0.1% RESISTORS, CMRR=54dB 


Single Supply Instrumentation Amplifier 


Ik 



FOR 0.1% RESISTORS, CMRR=54dB 
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TYPICAL APPLICATION 

Photodiode Amplifier 



6 Decade Log Amplifier 



MAT-01 


MAT-01 



ERROR REFERRED TO INPUT <1% 

FOR INPUT CURRENT RANGE 1nA~1mA 

*TEL LAB TYPE Q81 

'CORRECTS FOR NONLINEARITIES 


V 0U T= -LOG (-^-) = -LOG (^L) = -LOG (V,„)-2V 


DC Accurate, 10Hz, 7th Order Lowpass Bessel Filter 



/yum 
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TYPICAL APPLICATION 


DC Accurate 10th Order Max Flat Lowpass Filter 



• 60dB/0CT. SLOPE 

• PASSBAND ERROR <0.1dB FOR 0<f <0.67 f CUT0FF 

• THD=0.04%, WIDEBAND NOISE = 120/A/ RMS 

• f C LK- 100kHz 


Vqut (DC ACCURATE) 


5V 


f CLK 


DC Accurate, Noninverting 2nd Order Lowpass Filter 

R4 



Gain of One, 10Hz 3rd Order Bessel DC Accurate Lowpass Filter 



0=0.707, f c =20Hz. FOR f c = 10Hz, THE RESISTOR (R 1t R 2 ) VALUES SHOULD BE DOUBLED. 


Component Values 


DC GAIN 

Rs 

R* 

Ri 

r 2 

c i 

c 2 

1 

00 

0 

32.4k 

18.7k 

0.47/iF 

0.22/iF 

2 

10k 

10k 

11.8k 

24.3k 

0.47/iF 

0.47/iF 

4 

10.5k 

31.6k 

18.7k 

34.8k 

0.22nF 

0.47/iF 

6 

10.2k 

51.1k 

14k 

46.4k 

0.22/iF 

0.47/iF 

8 

10.2k 

71.5k 

11.8k 

54.9k 

0.22/tF 

0.47/iF 

10 

10.1k 

90.9k 

10.5k 

61.9k 

0.22/tF 

0.47/iF 
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PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


H Package 

8LeadTO-5 Metal Can 



STANDOFF 


NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PUNE AND SEATING PUNE 



J Package 
8 Lead Ceramic DIP 



N Package 
8 Lead Plastic DIP 



XTUDS® 
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PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


S8 Package 
8 Lead Plastic SOIC 



0.010-0.020 

l ) 

(0.254 - 0.508) 

: i- 



0.053 -0 069 
(1.346-1 752) 



0.014-0.019 
(0.355 - 0 483)' 




0.004 - 0 010 
(0.101-0.254) 


0 050 f 


NOTES: 

1 PK6 MATERIAL PLASTIC 

2 LEAD MATERIAL: A-42. TIN PLATED 



N Package 
14 Lead Plastic DIP 
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/TLinCAB 

TECHNOLOGY Chopper-Stabilized Operational 

Amplifier (CSOA™) 


F€ATUR€S 

■ Guaranteed Max. Offset 5/iV 

■ Guaranteed Max. Offset Drift 0.05^V/°C 

■ Typ. Offset Drift 0.0 VV/°C 

■ Excellent Long Term Stability lOOnV/VMonth 

■ Guaranteed Max. Input Bias Current 30pA 

■ Over Operating Temperature Range 

Guaranteed Min. Gain 1 20dB 

Guaranteed Min. CMRR 1 20dB 

Guaranteed Min. PSRR 1 20dB 

■ Single Supply Operation 4. 75V to 16V 

(Input Voltage Range Extends to Ground) 

■ External Capacitors can be Returned to V - with No 
Noise Degradation 

APPUCOTIOnS 

■ Thermocouple Amplifiers 

■ Strain Gauge Amplifiers 

■ Low Level Signal Processing 

■ Medical Instrumentation 


DCSCRIPTIOfl 

The LTC1052 and LTC7652 are low noise Chopper- 
stabilized op amps (CSOA™) manufactured using Linear 
Technology’s enhanced LTCMOS™ silicon gate process. 
Chopper-stabilization constantly corrects offset voltage er- 
rors. Both initial offset and changes in the offset due to time, 
temperature and common-mode voltage are corrected. 
This, coupled with picoampere input currents, gives these 
amplifiers unmatched performance. 

Low frequency (1 /f) noise is also improved by the chop- 
ping technique. Instead of increasing continuously at a 
3dB/octave rate, the internal chopping causes noise to 
decrease at low frequencies. 

The chopper circuitry is entirely internal and completely 
transparent to the user. Only two external capacitors are 
required to alternately sample and hold the offset correc- 
tion voltage and the amplified input signal. Control cir- 
cuitry is brought out on the 14-pin version to allow the 
sampling of the LTC1052 to be synchronized with an ex- 
ternal frequency source. 


Ultra Low Noise, Low Drift Amplifier 


LTC1052 Noise Spectrum 




0 100 200 300 400 500 

FREQUENCY (Hz) 


CSOA™ and LTCMOS™ are trademarks of Linear Technology Corporation. 
Teflon™ is a trademark of DuPont. 
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absolute maximum rhtkigs 

(Notes 1 and 2) 

Total Supply Voltage (V+ toV“) 18V 

Input Voltage (V+ +0.3V)to(V“ -0.3V) 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LTC1052C/LTC7652C -40°Cto85°C 

LTC1052M — 55°Cto 125°C 


PACKAGC/ORD6R IRFORfDATlOA 



METAL CAN H PACKAGE 


55°Cto 150°C 
300° C 

cextaH 

TOP VIEW 

— <C7 — 

IDcextb 

LTC1052CN8 

-IN [T 


T]v+ 

LTC1052CJ8 


+in[T 

6] OUTPUT 

LTC1052MJ8 


v- |T 

T1 OUTPUT 
-2-1 CLAMP 



HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 


c extbOI 

c EXTa[2 

NC (GUARD) [7 


+ IN 

NC (GUARD) [F] 

v-m 




int/ext 

13j CLK IN 
JU CLK OUT 


7]| V + 

H-l^ 


OUTPUT 

1] OUTPUT CLAMP 
U C RETURN 


HERMETIC DIP J1 4 PACKAGE 
PLASTIC DIP N14 PACKAGE 


ORDER PART 
NUMBER 


LTC7652CH 

LTC1052CH 

LTC1052MH 


LTC1052CJ 

LTC1052CN 

LTC1052MJ 


REPLACES 


ICL7652CTV 

ICL7652ITV 

ICL7650CTV-1 

ICL7650ITV-1 

ICL7650CTV 

ICL7650ITV 

ICL7650MTV 


ICL7650CPA 

ICL7650IJA 


ICL7652IJD 

ICL7650IJD 

ICL7652CPD 

ICL7650CPD 

ICL7650MJD 


6LCCTRICAL CHRRRCTCRISTICS 

Vs= ±5V, Ta= operating temperature range, test circuit TCI, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1052M 

MIN TYP MAX 

LTC1 052C / LTC7652C 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 

T a = 25°C (Note 3) 


±0.5 ±5 

±0.5 ±5 

AV 

AVos/ATemp 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

±0.01 ±0.05 

lAI/° C 

AV 0S /ATime 

Long Term Offset Voltage Stability 



100 

100 

nV/VMonth 

•os 

Input Offset Current 

T A =25°C 


±5 ±30 

±5 ±30 

pA 



. 

• 

±2000 

±350 

PA 

•b 

Input Bias Current 

T A =25°C 


±1 ±30 

±1 ±30 

PA 




• 

±1000 

±175 

PA 

e np-p 

Input Noise Voltage 

R s = 100ft, DC to 10Hz, TC3 


1.5 

1.5 

/iVp-p 



R s = 100ft, DC to 1Hz, TC3 


0.5 

0.5 

ftVp-p 

•n 

Input Noise Current 

f = 10Hz (Note 5) 


0.6 

0.6 

fA/VHz 

CMRR 

Common-Mode Rejection Ratio 

V CM = V~ to +2.7V 

• 

120 140 

120 140 

dB 

PSRR 

Power Supply Rejection Ratio 

V SUP p LY =± 2.375V to ±8V 

• 

120 150 

120 150 

dB 

a vol 

Large Signal Voltage Gain 

R L = 10k, V 0 U t= ±4V 


120 150 

120 150 

dB 

V 0UT 

Maximum Output Voltage Swing 

R L = 10k 

• 

±4.7 ±4.85 

±4.7 ±4.85 

V 


(Note 4) 

R L = 100k 


±4.95 

±4.95 

V 

SR 

Slew Rate 

R L = 10k, C L =50pF 


4 

4 

V//iS 

GBW 

Gain Bandwidth Product 



1.2 

1.2 

MHz 

•s 

Supply Current 

No Load, T A =25°C 


1.7 2.0 

1.7 2.0 

mA 




• 

3.0 

3.0 

mA 

fs 

Internal Sampling Frequency 

i 


330 

330 

Hz 


Clamp On Current 

R L =100k 

• 

25 100 

25 100 

A A 


Clamp Off Current 

— 4V<V 0ut < +4V 


10 100 

10 100 

PA 




• 

2 

1 

nA 
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LTC1052/LTC7652 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V + or less than 
V" may cause destructive latch-up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 
LTC1052/LTC7652. 


Note 3: These parameters are guaranteed by design. Thermocouple ef- 
fects preclude measurement of these voltage levels in high speed 
automatic testing. V os is measured to a limit determined by test equip- 
ment capability. Voltages on C EX T A and C EX t B , A V ol. CMRR and PSRR 
are measured to insure proper operation of the nulling loop to insure 
meeting the V 0 s and V 0 s drift specifications. See Package-Induced V 0 s 
in applications section. 

Note 4: Output clamp not connected. 

Note 5: Current noise is calculated from the formula: i n = (2q l B ) Vz , 
where q = 1.6 x 10“ 19 coulomb. 


TYPICAL PCRFORfflARCe CHRRACTCRISTICS 


Offset Voltage vs Sampling 
Frequency 


lOHzp-p Noise vs Sampling Input Bias Current vs 

Frequency Temperature 



0 500 1000 1500 2000 

SAMPLING FREQUENCY, f s (Hz) 



100 Ik 10k 

SAMPLING FREQUENCY, f s (Hz) 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Aliasing Error 



f|-fs fs f| 

50HZ/DIV 


Common-Mode Input Range vs 
Supply Voltage 



0 ±1 ±2 ±3 ±4 ±5 ±6 ±7 ±8 


SUPPLY VOLTAGE (V) 


Overload Recovery (Output 
Clamp Not Used) 



OVERDRIVE 50ms/DIV 

REMOVED 
A v =-100 
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Input Noise Voltage 



Small Signal Transient 
Response* 



,A V =+1 2/u.s/DIV 

R L =10k 
C L = lOOpF 
V s = ± 5V 

‘RESPONSE IS NOT DEPENDENT ON PHASE OF CLOCK 


Large Signal Transient 
Response* 



A v =+1 2^/DIV 

R L =10k 

C L = lOOpF 

V S =±5V 


Gain Phase vs Frequency 



Broadband Noise, 
Cext=0.VF 


Broadband Noise, 
Cext = 1-0/*F 


o 




Ims/DIV 



Broadband Noise Test Circuit 
(TC2) 


R2 

1M 
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TVPICAl P€RFORfl)ARC€ CHARACTERISTICS 


Supply Current vs Supply 
Voltage 



4 5 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V + TO V~ (V) 


Supply Current vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Output Short Circuit Current vs 
Supply Voltage 



4 5 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V+ TO V- (V) 


Sampling Frequency vs Supply 
Voltage 



4 5 6 8 10 12 14 16 

TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) 


Sampling Frequency vs 
Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T a (°C) 


Comparator Operation 


Response Time vs Overdrive 



-5V<V ref <2.7V 


— 5 V 


20ms /DIV 
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T€ST CIRCUITS 

Electrical Characteristics Test Circuit (TCI) DC to 10Hz and DC to 1Hz Noise Test Circuit (TC3) 




BANDWIDTH 

R1 

R2 

R3 

R4 

C2 

03 

C4 

10Hz 

16.20 

162k 

16.2k 

16.2k 

0.1//.F 

1 .OjnF 

1.0/xF 

1Hz 

16.20 

162k 

162k 

162k 

I.O^F 

1.0/xF 

I.OptF 


TH€ORV OF OPCRflTIOn 

DC OPERATION 

The shaded portion of the LTC1052 block diagram (Figure 1) 
entirely determines the amplifier’s DC characteristics. Dur- 
ing the auto-zero portion of the cycle, the inputs are shorted 
together and a feedback path is closed around the input 
stage to null its offset. Switch S2 and capacitor Cexta act as 
a sample and hold to store the nulling voltage during the 
next step— the sampling cycle. 

In the sampling cycle, the zeroed amplifier is used to 
amplify the differential input voltage. Switch S2 connects 
the amplified input voltage to Cextb and the output gain 
stage . Cextb and S2 act as a sample and hold to store the 
amplified input signal during the auto-zero cycle. By 
switching between these two states at a frequency much 
higher than the signal frequency, a continuous output 
results. 

Notice that during the auto-zero cycle the inputs are not 
only shorted together, but are also shorted to the negative 
input. This forces nulling with the common-mode voltage 
present and accounts for the extremely high CMRR of the 
LTC1052. In the same fashion, variations in power sup- 
ply are also nulled. For nulling to take place, the offset 
voltage, common-mode voltage and power supply must 
not change at a frequency which is high compared to the 
frequency response of the nulling loop. 


AC OPERATION AND ALIASING ERRORS 

So far, the DC performance of the LTC1052 has been ex- 
plained. As the input signal frequency increases, the 
problem of aliasing must be addressed. Aliasing is the 
spurious formation of low and high frequency signals 
caused by the mixing of the input signal with the sam- 
pling frequency, fs . The frequency of the error signals, 
fE, is: 

fE=fs±fi 

where fi = input signal frequency. 

Normally it is the difference frequency (fs - fi ) which is of 
concern because the high frequency (fs+fi) can be 
easily filtered. As the input frequency approaches the 
sampling frequency, the difference frequency ap- 
proaches zero and will cause DC errors— the exact prob- 
lem that the chopping amplifier is meant to eliminate. 

The solution is simple. Filter the input so the sampling loop 
never sees any frequency near the sampling frequency. 

At a frequency well below the sampling frequency, the 
LTC1052 forces li to equal I 2 (see Figure IB). This 
makes 5 1 zero, thus the gain of the sampling loop zero at 
this and higher frequencies — i.e. , a low pass filter. The 
corner frequency of this low pass filter is set by the output 
stage pole (1 /Rl 4 gm 5 Rls C2). 
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For frequencies above this pole, I 2 is: 

12 =Vin gm6 x x SCI 

and Cl 

ll — 12 = Vin gml — Vin gm6 Xq 2 - 

The LTC1052 is very carefully designed so that 
gmi = gm6 and Cl = C2. Substituting these values in the 
above equation shows h - 12 =0. 

The gm6 input stage, with Cl and C2, not only filters the 
input to the sampling loop, but also acts as a high fre- 
quency path to give the LTC1052 good high frequency 
response. The unity-gain cross frequencies for both the 
DC path and high frequency path are identical 

[f3dB=-27 (gml/C1)=-27 (gme/C2)]. 


This makes the frequency response smooth and con- 
tinuous and eliminates sampling noise in the output as 
the loop transitions from the high gain DC loop to the high 
frequency loop. 

The typical curves show just how well the amplifier 
works. The output spectrum shows the difference 
frequency (fi - fs = 1 0OHz) is down by 80dB and the fre- 
quency response curve shows no abnormalities or per- 
turbations. Also note the well-behaved small and large 
signal step responses and the absence of the sampling 
frequency in the output spectrum. If the dynamics of the 
amplifier, i.e. , slew rate and overshoot, depend on the 
sampling clock, the sampling frequency will appear in the 
output spectrum. 
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EXTERNAL CAPACITORS 

Cexta and Cextb are the holding elements of a sample and 
hold circuit. The important capacitor characteristics are 
leakage current and dielectric absorption. A high quality 
film-type capacitor such as mylar or polypropylene pro- 
vides excellent performance. However, low grade capaci- 
tors such as ceramic are suitable in many applications. 

Capacitors with very high dielectric absorption (ceramic) 
can take several seconds to settle after power is first 
turned on. This settling appears as clock ripple on the 
output and, as the capacitor settles, the ripple gradually 
disappears. If fast settling after power turn-on is impor- 
tant, mylar or polypropylene is recommended. 

Above 85°C, leakage, both from the holding capacitors 
and the printed circuit board, becomes important. To 
maintain the capabilities of the LTC1052 it may be 
necessary to use Teflon™ capacitors and Teflon standoffs 
when operating at 125°C (see Achieving Picoampere/ 
Microvolt Performance). 

Cexta and Cextb are normally in the range of 0. VF to 
1.0/tF. All specifications are guaranteed with 0. VF and 
the broadband noise (see typical photos) is only very 
slightly degraded with 0. VF. Output clock ripple is not 
present for capacitors of O.VF or greater at any 
temperature. 

On competitive devices, connecting Cexta and Cextb to 
V~ causes an increase in amplifier noise. Design changes 
have eliminated this problem on the LTC1052. On the 
14-pin LTC1052 and 8-pin LTC7652, the capacitors can 
be returned to V~ or Creturn with no change in noise 
performance. 

ACHIEVING PICOAMPERE/ MICROVOLT PERFORMANCE 
Picoamperes 

In order to realize the picoampere level of accuracy of the 
LTC1052, proper care must be exercised. Leakage cur- 
rents in circuitry external to the amplifier can significantly 
degrade performance. High quality insulation should be 
used (e.g., Teflon, Kel-F); cleaning of all insulating sur- 
faces to remove fluxes and other residues will probably be 


necessary— particularly for high temperature perform- 
ance. Surface coating may be necessary to provide a 
moisture barrier in high humidity environments. 

Board leakage can be minimized by encircling the input 
connections with a guard ring operated at a potential 
close to that of the inputs: in inverting configurations the 
guard ring should be tied to ground; in non-inverting con- 
nections to the inverting input. Guarding both sides of the 
printed circuit board is required. Bulk leakage reduction 
depends on the guard ring width. 


c extb 



Microvolts 

Thermocouple effects must be considered if the 
LTC1052’s ultra low drift is to be fully utilized. Any con- 
nection of dissimilar metals forms a thermoelectric junc- 
tion producing an electric potential which varies with 
temperature (Seebeck effect). As temperature sensors, 
thermocouples exploit this phenomenon to produce use- 
ful information. In low drift amplifier circuits the effect is a 
primary source of error. 

Connectors, switches, relay contacts, sockets, resistors, 
solder, and even copper wire are all candidates for ther- 
mal EMF generation. Junctions of copper wire from dif- 
ferent manufacturers can generate thermal EMFs of 
200nV/°C— 4 times the maximum drift specification of 
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the LTC1052. The copper/kovar junction, formed when 
wire or printed circuit traces contact a package lead , has 
a thermal EMF of approximately 35/*V/°C— 700 times 
the maximum drift specification of the LTC1052. 

Minimizing thermal EMF-induced errors is possible if 
judicious attention is given to circuit board layout and 
component selection. It is good practice to minimize the 
number of junctions in the amplifier’s input signal path. 
Avoid connectors, sockets, switches and relays where 
possible. In instances where this is not possible, attempt 
to balance the number and type of junctions so that differ- 
ential cancellation occurs. Doing this may involve 
deliberately introducing junctions to offset unavoidable 
junctions. 

Figure 2 is an example of the introduction of an un- 
necessary resistor to promote differential thermal 
balance. Maintaining compensating junctions in close 
physical proximity will keep them at the same tempera- 
ture and reduce thermal EMF errors. 

When connectors, switches, relays and/or sockets are 
necessary they should be selected for low thermal EMF 
activity. The same techniques of thermally balancing and 
coupling the matching junctions are effective in reducing 
the thermal EMF errors of these components. 

Resistors are another source of thermal EMF errors . Table I 
shows the thermal EMF generated for different resistors. 
The temperature gradient across the resistor is important, 


not the ambient temperature. There are two junctions 
formed at each end of the resistor and if these junctions are 
at the same temperature, their thermal EMFs will cancel 
each other. The thermal EMF numbers are approximate 
and vary with resistor value. High values give higher ther- 
mal EMF. 

When all of these errors are considered, it may seem im- 
possible to take advantage of the extremely low drift 
specifications of the LTC1 052. To show that this is not the 
case, examine the temperature test circuit of Figure 3. 
The lead lengths of the resistors connected to the 
amplifier’s inputs are identical. The thermal capacity and 
thermal resistance each input sees is balanced because 
of the symmetrical connection of resistors and their iden- 
tical size . Thermal EM F-induced shifts are equal in phase 
and amplitude, thus cancellation occurs. 

Figure 4 shows the response of this circuit under tempera- 
ture transient conditions. Metal film resistors and an 8-pin 
DIP socket were used . Care was taken in the construction to 
thermally balance the inputs to the amplifier. The units were 
placed in an oven and allowed to stabilize at 25°C. The 
recording was started, and after 100 seconds the oven, pre- 
set to 1 25° C, was switched on. The test was first performed 
on an 8-pin plastic package and then was repeated for a 
TO-5 package plugged into the same test board. It is signifi- 
cant that the change in Vos, even under these severe ther- 
mal transient conditions, is quite good. As temperature 
stabilizes, note that the steady-state change of Vos is well 
within the maximum ±0.05*tV/°C drift specification. 


Table I. Resistor Thermal EMF 


Resistor Type 

Thermal EMF/°C Gradient 

Tin Oxide 

~mV/°C 

Carbon Composition 

~450/W/°C 

Metal Film 

~20/iV/°C 

Wire Wound 


Evenohm 

~2/iV/°C 

Manganin 

~2/*V/°C 


NOMINALLY UNNECESSARY 

RESISTOR USED TO LEAD WIRE/SOLDER/COPPER 
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Very slight air currents can still affect even this arrange- PACKAGE-INDUCED OFFSET VOLTAGE 
ment. Figure 5 shows strip charts of output noise with the 

circuit covered and with no cover in “still” air. This data Since the LTC1052 is constantly fixing its own offset, it 

illustrates why it is often prudent to enclose the LTC1052 ma y I 36 asked why there is any error at all, even under 

and its attendant components inside some form of ther- transient temperature conditions. The answer is simple, 

mal baffle. The LTC1052 can only fix offsets inside its own nulling 

loop. There are many thermal junctions outside this loop 
that cannot be distinguished from legitimate signals. 


0 MIN 5 MIN 20 MIN 25 MIN 



I II I I I I II I I I I I I III I I III I I I I I III I I M II I I I I III I I I I I T I T l T T TTTj . m i I 

OVEN SWITCHED OVEN STABILIZED 

ON (25°C) AT 12 MIN 

100 SECONDS/IN 


Figure 3. Offset Drift Test Circuit Figure 4. Transient Response of Offset Drift Test Circuit with 100°C Temperature Step 



Figure 5. DC to 1Hz (Test Circuit TC3) 
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Some have been discussed previously, but the package 
thermal EMF effects are an important source of errors. 

Notice the difference in the thermal response curves of 
Figure 4. This can only be attributed to the package since 
everything else is identical. In fact, the Vos specification 
is set by the package-induced warm-up drift, not by the 
LTC1052. TO-99 metal cans exhibit the worst warm-up 
drift and Linear Technology sample tests TO-99 lots to 
minimize this problem. 

Two things make 100% screening costly: (1) the extreme 
precision required on the LTC1052 and (2) the thermal 
time constant of the package is 0.5 to 3 minutes, depend- 
ing on package type. The first precludes the use of auto- 
matic handling equipment and the second takes a long 
time. Bench test equipment is available to 100% test for 
warmed-up drift if offsets of less than ±5^V are 
required. 

CLOCK 

The LTC1052 has an internal clock, setting the nominal 
sampling frequency at 330Hz. On 8-pin devices there is 
no way to control the clock externally. In some applica- 
tions it may be desirable to control the sampling clock and 
this is the function of the 14-pin device. 

CLK IN, CLK OUT and INT/EXT are provided to ac- 
complish this. With_no external connection, an internal 
pull-up holds INT/EXT at the V + supply and the 14-pin 
device self-oscillates at 330Hz. In this mode there is a 
signal on the CLK IN pin of 660Hz (2 times sampling fre- 
quency) with a 30% duty cycle. A divide-by-two drives 
the CLK OUT pin and sets the sampling frequency. 

To use an external clock, connect INT/EXT to V - and the 
external clock to CLK IN. The logic threshold of CLK IN is 
2.5V below the positive supply. This allows CMOS logic to 
drive it directly with logic supplies of V + and ground. 
CLK IN can be driven from V + to V~ if desired. The duty 
cycle of the external clock is not particularly critical but 
should be kept between 30% and 60%. 

Capacitance between CLK IN and CLK OUT (pins 13 and 
1 2) can cause the divide-by-two circuit to malfunction . To 
avoid this, keep this capacitance below 5pF. 


OUTPUT CLAMP 

If the LTC1052 is driven into saturation, the nulling loop, 
attempting to force the differential input voltage to zero, 
will drive Cexta and Cextb to a supply rail. After the 
saturating drive is removed, the capacitors take a finite 
time to recover— this is the overload recovery time. The 
overload recovery is longest when the capacitors are 
driven to the negative rail (see Overload Recovery in 
typical performance section). The overload recovery time 
in this case is typically 225ms. In the opposite direction, 
i.e. , Cexta and Cextb at positive rail, it is about ten times 
faster (25ms). The overload recovery time for the 
LTC1052 is much faster than competitive devices, but if a 
faster overload recovery time is necessary, the output 
clamp function can be used. 

When the output clamp is connected to the negative input 
it prevents the amplifier from saturating and thus keeps 
Cexta and Cextb at their nominal voltages. The output 
clamp is a switch that turns on when the output gets to 
within approximately IV of either supply rail. This switch 
is in parallel with the amplifier’s feedback resistor and as 
the output moves closer to the rail, the switch on re- 
sistance decreases, reducing the closed loop gain. The 
output swing is reduced when the clamp function is 
used. 

How much current the output clamp leaks when off is im- 
portant because, when used, it is connected to the 
amplifier’s negative input. Any current acts like input 
bias current and will degrade accuracy. At the other ex- 
treme, the maximum current the clamp conducts when 
on determines how much overdrive the clamp will take 
and still keep the amplifier from saturating. Both of these 
numbers are guaranteed in the table of electrical 
characteristics. 

LOW SUPPLY OPERATION 

The minimum supply voltage for proper operation of the 
LTC1052 is typically 4.0V ( ± 2.0V). In single supply ap- 
plications, PSRR is guaranteed down to 4.7V ( ± 2.35V). 
This assures proper operation down to the minimum TTL 
specified voltage of 4.75V. 
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TYPICAL APPLICATIOnS 


30MHz Voltage-to-Frequency Converter 


+ 5V 



± 100mA Output Drive 


Increasing Output Current 


100k 



V 0 s=5/A/ 

V OS /AT = 50nV/°C 
GAIN = 10 

FULL POWER BANDWIDTH = 1kHz 


+ 5V 


220pF I” 74C04 ~ 1 
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Single +5V Thermocouple Amplifier with Cold Junction Compensation 
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Tvpicfli applications 

Direct Thermocouple-to-Frequency Converter 


COLD JUNCTION TEMPERATURE TRACKING 



Direct 10-Bit Strain Gauge Digitizer 


STRAIN GAUGE 
TRANSDUCER 
Z, n = 350Q 

Z OU T=350n | J 




r x n 

^ 'ft 74C903 ! 


FREQUENCY 
OUT B 




FREQUENCY 
'OUT A 


DATA OUTPUT = = 1000 COUNTS FULL-SCALE 

*0.1% METAL FILM TRW MAR-5 

SW1 = MAIN CURRENT SWITCH 

SW2 = CURRENT LOADING COMPENSATION SWITCH 


CONNECT TO BRIDGE END OF . 

470k RESISTOR I 

(OPTIONAL) | 


TRANSDUCER 

_ZERO_NETWORKj 
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16-Bit A — D Converter 


+ 5V 



FULL-SCALE 

TRIM 


LTC1052 72 74C74 

r * ^r^NTEGRATOR I 7 I 5 iL 


L_ Z _J 


100,000 COUNTS FULL-SCALE 
NO ZERO TRIM 
20ppm/°C GAIN DRIFT 
VISHAY S-102 RESISTOR 


1 2N4338 


lLT1009__VF 


— 3 - 




' LTC1043 ! 

I 1 
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TYPICAL APPLICATION 


Precision Isolation Amplifier 


INPUT SIDE I OUTPUT SIDE 



20k 

ZERO TRIM 

-15V— WV— - + 15V 


*22M 

100k 1 3 f 


< 1 1 V STANCOR PCT-39 10 00pF IjZ LM301A^— ♦— OUT 

2N5434 I [ 2N5434 “ JT I ( 2^ Ik GAIN TRIM 

i_rr rTr-L \ 


T 

+ 15V 68pF £ 3300 


250V ISOLATION 
0 03% ACCURACY 
*1% FILM RESISTOR 


68pF 

rti 


/Timm 

TECHNOLOGY 


2-215 









LTC1052/LTC7652 


PflCKRGC DESCRIPTOR Dimensions in inches (millimeters) unless otherwise noted. 


H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 



J Package 

14-Lead Hermetic DIP 



Tjmax 

©jA 

150°C 

80°C/W 


N Package 
14-Lead Plastic 




T jmax 

©jA 

110°C 

130°C/W 


2-216 


u\sm 












LTC1052CS 



uim 


TECHNOLOGY 


F€ATUR€S 


Chopper-Stabilized Operational 
Amplifier (CSOA™) 

DCSCRIPTIOA 


■ Guaranteed Max. Offset 

5/iV 

■ Guaranteed Max. Offset Drift 

0.05/iV/°C 

■ Typ. Offset Drift 

o.ovv/°c 

■ Excellent Long Term Stability 

lOOnV/VMonth 

■ Guaranteed Max. Input Bias Current 

30pA 

■ Over Operating Temperature Range 


Guaranteed Min. Gain 

120dB 

Guaranteed Min. CMRR 

120dB 

Guaranteed Min. PSRR 

120dB 

■ Single Supply Operation 

4.75V to 16V 


(Input Voltage Range Extends to Ground) 

■ External Capacitors can be Returned to V - with No 
Noise Degradation 


APPUCflTIOnS 

■ Thermocouple Amplifiers 

■ Strain Gauge Amplifiers 

■ Low Level Signal Processing 

■ Medical Instrumentation 


The LTC1052 is a low noise chopper-stabilized op amp 
(CSOA) manufactured using Linear Technology’s enhanced 
LTCMOS™ silicon gate process. Chopper-stabilization con- 
stantly corrects offset voltage errors. Both initial offset and 
changes in the offset due to time, temperature and 
common-mode voltage are corrected. This, coupled with pi- 
coampere input currents, gives this amplifier unmatched 
performance. 

Low frequency (1/f) noise is also improved by the chopping 
technique. Instead of increasing continuously at a 3dB/oc- 
tave rate, the internal chopping causes noise to decrease 
at low frequencies. 

The chopper circuitry is entirely internal and completely 
transparent to the user. Only two external capacitors are 
required to alternately sample and hold the offset correc- 
tion voltage and the amplified input signal. Control cir- 
cuitry is brought out on the 14-pin version to allow the 
sampling of the LTC1052 to be synchronized with an ex- 
ternal frequency source. 

The LTC1052CS is a direct replacement for the ICL7652 in 
surface mounted packages. 


Ultra Low Noise, Low Drift Amplifier 




0 100 200 300 400 500 

FREQUENCY (Hz) 


CSOA™ and LTCMOS™ are trademarks of Linear Technology Corporation 
Teflon™ is a trademark of DuPont 
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absolute mnximum aatiags 

(Notes 1 and 2) 

Total Supply Voltage (V + to V - ) 18V 

Input Voltage (V + + 0.3V) to (V " - 0.3V) 

Output Short Circuit Duration Indefinite 

Operating Temperature Range - 40°C to 85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/OAD€R lAFORfflATlOA 




TOP VIEW 


ORDER PART 

C EXTB [T 

Cexta [7 
NC (GUARD) [7 



16] INT/EXT 

15] CLK IN 

53 CLK OUT 

NUMBER 



LTC1052CS 

-IN [7 

+ IN |T 
NC (GUARD) [7 

v-E 

53 v+ 

5|] OUTPUT 

75] OUTPUT CLAMP 
53 CRETN 

U NC 



PART MARKING 

NC [7 
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ELECTRICAL CHARACTERISTICS 


V$ = ± 15V, Ta = operating temperature range, test circuit TCI (Note 6), unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1052C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

T A = 25°C(Note3) 


±0.5 ±5 

aV 

AVqs 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

nWC 

ATemp 






AV 0 s 

Long Term Offset Voltage Stability 



100 

nV/VMonth 

ATime 






•os 

Input Offset Current 

T a = 25°C 


±5 ±30 

PA 




• 

±350 

PA 

•b 

Input Bias Current 

T a = 25° C 


±1 ±30 

pA 




• 

±175 

PA 

®np-p 

Input Noise Voltage 

R s = 100fl, DC to 10Hz, TC3 (Note 6) 


1.5 

/«v P-P 



R s = 100Q, DC to 1Hz, TC3 (Note 6) 


0.5 

/iVp-p 

•n 

Input Noise Current 

f= 10Hz (Note 5) 


0.6 

fA/Vflz 

CMRR 

Common-Mode Rejection Ratio 

Vcm = V" to +2.7V 

• 

120 140 

dB 

PSRR 

Power Supply Rejection Ratio 

Vsupply = — 2.375V to ± 8V 

• 

120 150 

dB 

A VOL 

Large Signal Voltage Gain 

R L = 10k, V 0 U t= ±4V 

• 

120 150 

dB 

VoUT 

Maximum Output Voltage Swing 

R L = 10k 

• 

±4.7 ±4.85 

V 


(Note 4) 

R L = 100k 


±4.95 

V 

SR 

Slew Rate 

R L = 10k, C L = 50pF 


4 

V/jts 

GBW 

Gain Bandwidth Product 



1.2 

MHz 

Is 

Supply Current 

No Load,T A = 25°C 


1.7 2.0 

mA 




• 

3.0 

mA 

fs 

Internal Sampling Frequency 



330 

Hz 



Clamp On Current 

R L = 100k 

• 

25 100 

(•A 


Clamp Off Current 

-4V<V 0 ut< +4V 


10 100 

PA 




• 

1 

nA 


The • denotes specifications which apply over the full operating tempera- 
ture range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V + or less than 
V" may cause destructive latch-up. It is recommended that no sources op- 
erating from external supplies be applied prior to power-up of the LTC1052. 
Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic 


testing. V 0 s is measured to a limit determined by test equipment capability. 
Voltages on Cb( TA and Cex TB , A V ol, CMRR and PSRR are measured to insure 
proper operation of the nulling loop to insure meeting the V 0 s and V 0 s drift 
specifications. 

Note 4: Output clamp not connected. 

Note 5: Current noise is calculated from the formula: i n = (2q l B ) v *, where 
q = 1.6x10 -19 coulomb. 

Note 6: For description of test circuits see LTC1052 standard package data 
sheet. 
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LT1055/LT1056 


/yurm 

TECHNOLOGY Precision, High Speed, 

JFET Input Operational Amplifiers 


FCATURCS 


D6SCRIPTIOR 


■ Guaranteed Offset Voltage 

-55°Cto +125°C 

■ Guaranteed Drift 

■ Guaranteed Bias Current 

70°C 

125°C 

■ Guaranteed Slew Rate 


ISOAtVMax. 
500/A/ Max. 
4/tV/° CMax. 

150pAMax. 
2.5nAMax. 
12V//tS Min. 


RPPUCRTIOflS 

■ Precision, High Speed Instrumentation 

■ Logarithmic Amplifiers 

■ D/A Output Amplifiers 

■ Photodiode Amplifiers 

■ Voltage to Frequency Converters 

■ Frequency to Voltage Converters 

■ Fast, Precision Sample and Hold 


The LT1 055/ 1056 JFET input operational amplifiers com- 
bine precision specifications with high speed performance. 

For the first time, 16V//*s slew rate and 6.5MHz gain- 
bandwidth product are simultaneously achieved with 
offset voltage of typically 50/A/, 1.2/*V/°C drift, bias cur- 
rents of 40pA at 70°C and 500pA at 125°C. 

The 150/A/ maximum offset voltage specification is the 
best available on any JFET input operational amplifier. 

The LT1055 and LT1056 are differentiated by their 
operating currents. The lower power dissipation LT1055 
achieves lower bias and offset currents and offset volt- 
age. The additional power dissipation of the LT1056 per- 
mits higher slew rate, bandwidth and faster settling time 
with a slight sacrifice in DC performance. 

The voltage to frequency converter shown below is one of 
the many applications which utilize both the precision 
and high speed of the LT1 055/ 1056. 


For a JFET input op amp with 23V//is guaranteed slew 
rate, refer to the LT1022 data sheet. 


0 to 10kHz Voltage-to-Frequency Converter 



Distribution of Input Offset Voltage 


(H Package) 


V s = ± 15V 
T a =25°C 


n 

50° 

4, TO 

±6C 

/xV 

634 

FRC 

UNI1 

MTE 

rs TE 
1REE 

STEC 

RUN 

s 

p 

L 









































r 








X 

r 




\ 

S3 

Flii 



-400 -200 0 200 400 

INPUT OFFSET VOLTAGE foV) 
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LT1055/LT1056 


absolute mnximum Rnrines 


Supply Voltage ±20V 

Differential Input Voltage ±40V 

Input Voltage ±20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 
LT1 055AM /1055M/ 1056AM/ 

1056M — 55°Cto 125°C 

LT 1 055AC / 1 055C / 1 056AC / 1 056C . . . 0°Cto70°C 
Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300 °C 


PRCKAGE/ORDCR IRFORfYlATlOA 


TOP VIEW 

N/C 

BALANCE v + 

-IN© ©OUT 

+ IN Qs^yjS) BALANCE 
v- 

METAL CAN H PACKAGE 

ORDER 

PART NUMBER 

LT1055AMH LT1056AMH 
LT1055MH LT1056MH 
LT1055ACH LT1056ACH 
LT1055CH LT1056CH 


TOP VIEW 



bal[7 


]Q N/C 


-in [7 


7] v+ 

LT1055CN8 

+in[7 


7) OUT 

LT1056CN8 

v-|7 


H BAL 


PLASTIC DIP N8 PACKAGE 



€l€CTRICAl CHARACTERISTICS V s = d= 15V, Ta = 25°C, Vcm= 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

! 

CONDITIONS 

LT1 055AM /1 056AM 

LT1 055AC / 1 056AC 

MIN TYP MAX 

LT1055M/1056M 

LT1055CH/1056CH 

LT1 055CN8/ 1056CN8 
MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage (Note 1 ) 

LT1 055 H Package 

— 

50 

150 

— 

70 

400 




LT1 056 H Package 

— 

50 

180 

— 

70 

450 

mV 



LT1055 N8 Package 

— 

— 

— 

— 

120 

700 

mV 



LT 1 056 N8 Package 


- 

- 

— 

140 

800 

mV 

•os 

Input Offset Current 

Fully Warmed Up 


2 

10 

_ 

2 

20 

PA 


Input Bias Current 

Fully Warmed Up 

— 

±10 

±50 

_ 

±10 

±50 

PA 



v cm= +10V 

— 

+ 30 

+ 100 

— 

+ 30 

+ 150 

pA 


Input Resistance— Differential 


- 

10 12 

— 

— 

10 12 

— 

u 


-Common-Mode 

V CM = - 11V to +8V 

— 

10 12 

— 

— 

10 12 

— 

Q 



V C m = + 8V to + 11V 

— 

10 11 

— 

_ 

10 11 

— 

Q 


Input Capacitance 


- 

4 

- 

- 

4 

- 

PF 

e n 

Input Noise Voltage 

0.1 Hz to 10 Hz LT1055 

- 

1.8 

- 

- 

2.0 

- 

f<Vp-p 



LT 1 056 

— 

2.5 

— 

— 

2.8 

— 

/iVp-p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 2) 

— 

28 

50 

— 

30 

60 

nV/VHz 



f 0 = 1kHz (Note 3) 

— 

14 

20 

— 

15 

22 

nV/VHz 

•n 

Input Noise Current Density 

f 0 = 10Hz, 1kHz (Note 4) 

- 

1.8 

4 

- 

1.8 

4 

fA/Vfiz 

Avol 

Large Signal Voltage Gain 

V o =±10V R L =2k 

150 

400 

- 

120 

400 

- 

V/mV 



R L = Ik 

130 

300 

— 

100 

300 

— 

V/mV 


Input Voltage Range 


±11 

±12 

- 

±11 

±12 

- 

V 

CMRR 

Common- Mode Rejection Ratio 

V CM = ±HV 

86 

100 

- 

83 

98 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 18V 

90 

106 

- 

88 

104 

- 

dB 

V 0 UT 

Output Voltage Swing 

R L = 2k 

±12 

±13.2 

- 

±12 

±13.2 

- 

V 

SR 

Slew Rate 

LT1055 

10 

13 

— 

7.5 

12 

— 

V//xS 



LT 1 056 

12 

16 

— 

9.0 

14 

— 

M/fis 

6BW 

Gain Bandwidth Product 

f= 1MHz LT 1 055 

— 

5.0 

— 

— 

4.5 

— 

MHz 



LT 1 056 

- 

6.5 

- 

- 

5.5 

- 

MHz 

•s 

Supply Current 

LT1055 

— 

2.8 

4.0 

— 

2.8 

4.0 

mA 



LT 1 056 

— 

5.0 

6.5 

— 

5.0 

7.0 

mA 


Offset Voltage Adjustment Range 

Rpot= 100k 

- 

±5 

- 

- 

±5 

- 

mV 
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LT1055/LT1056 


euamcAL chrrhcicristics Vs = ± 15V, Vcm = OV, 0°C<Ta< 70°C unless otherwise noted. 






LT1055AC 


LT1055CH/1056CH 






LT1056AC 


LT1055CN8/1056CN8 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

< 

o 

Input Offset Voltage (Note 1) 

LT1055 H Package 

• 

— 

100 

330 

- 

140 

750 

mV 



LT 1 056 H Package 

• 

— 

100 

360 

— 

140 

800 

mV 



LT1055 N8 Package 

• 

— 

— 

— 

— 

250 

1250 

mV 



LT1056 N8 Package 

• 

- 

— 

- 

- 

280 

1350 

mV 


Average Temperature 

H Package (Note 5) 

• 

- 

1.2 

4.0 

- 

1.6 

8.0 

iA//° C 


Coefficient of Input Offset 

Voltage 

N8 Package (Note 5) 

• 





3.0 

12.0 

fA//° C 

•os 

Input Offset Current 

Warmed Up LT1055 

• 

— 

10 

50 

— 

16 

80 

PA 



T a = 70°C LT 1 056 

• 

- 

14 

70 

- 

18 

100 

PA 

'b 

Input Bias Current 

Warmed Up LT1055 

• 

— 

±30 ±150 

— 

±40 

±200 

PA 


T a = 70°C LT 1 056 

• 

- 

±40 ±180 

- 

±50 

±240 

PA 

a vol 

Large Signal Voltage Gain 

V 0 = ±10V, R L = 2k 

• 

80 

250 

- 

60 

250 

- 

V/m V 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 


85 

100 

- 

82 

98 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 18V 

• 

89 

105 

- 

87 

103 

- 

dB 

VqUT 

Output Voltage Swing 

R L = 2k 

• 

±12 

±13.1 

- 

±12 

±13.1 

- 

V 


€l€CTRICRl CHARACTERISTICS V$= ± 15V, Vcm = 0V, -55°C<Ta^ 125°C unless otherwise noted. 







LT1 055AM 


LT1055M 








LT1 056AM 


LT1056M 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage (Note 1) 

LT 1 055 

• 

— 

180 

500 

— 

250 

1200 

mV 



LT1056 

• 

— 

180 

550 

— 

250 

1250 

mV 


Average Temperature 

Coefficient of Input Offset 

Voltage 

(Note 5) 

• 


1.3 

4.0 


1.8 

8.0 

^V/°C 

•os 

Input Offset Current 

Warmed Up LT1055 

• 

— 

0.20 

1.2 

— 

0.25 

1.8 

nA 



T a =125°C LT 1 056 

• 

- 

0.25 

1.5 

- 

0.30 

2.4 

nA 

•b 

Input Bias Current 

Warmed Up LT1055 

• 

— 

±0.4 

±2.5 

— 

±0.5 

±4.0 

nA 



T A = 125°C LT 1 056 

• 

— 

±0.5 

±3.0 

- 

±0.6 

±5.0 

nA 

a vol 

Large Signal Voltage Gain 

V 0 =±10V, R l = 2k 

• 

40 

120 

- 

35 

120 

- 

V/mV 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 

• 

85 

100 

- 

82 

98 

- 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 17V 

• 

88 

104 

- 

86 

102 

- 

dB 

V 0UT 

Output Voltage Swing 

R L = 2k 

• 

±12 

±12.9 

- 

±12 

±12.9 

- 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC883 data sheet for test 
listing and parameters. 

Note 1: Offset voltage is measured under two different conditions: 

(a) approximately 0.5 seconds after application of power; (b) at 
Ta= 25°C only, with the chip heated to approximately 38°C for the 
LT1055 and to 45°C for the LT1056, to account for chip temperature rise 
when the device is fully warmed up. 

Note 2: 10Hz noise voltage density is sample tested on every lot of A 
grades. Devices 100% tested at 10Hz are available on request. 


Note 3: This parameter is tested on a sample basis only. 

Note 4: Current noise is calculated from the formula: i n = (2ql b) /2 . 
where q = 1 .6 x 10~ 19 coulomb. The noise of source resistors up to 1GQ 
swamps the contribution of current noise. 

Note 5: Offset voltage drift with temperature is practically unchanged 
when the offset voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to V + . Devices tested to 
tighter drift specifications are available on request. 
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LT1055/LT1056 
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SUPPLY CURRENT (mA) CMRR, PSRR (dB) OUTPUT VOLTAGE SWING FROM OV (V) 


LT1055/LT1056 


typical P£RfORmnnc€ chrrrctcristics 

Common-Mode Range vs 


LT1055 Settling Time LT1056 Settling Time Temperature 



1 2 

3 

0 

1 2 

3 

-50 

0 50 

SETTLING TIME 0*s) 



SETTLING TIME (/*s) 



TEMPERATURE (°C) 


Common-Mode and Power 

Supply Rejections vs Common-Mode Rejection Ratio Power Supply Rejection Ratio 

Temp^ature vs Frequency vs Frequency 



-25 25 75 125 10 100 Ik 10k 100k 1M 10M 10 100 Ik 10k 100k 1M 

TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (Hz) 


Supply Current vs Supply Output Swing vs Load 

Voltage Resistance Short Circuit Current vs Time 



) ±10 ±15 ±20 100 300 Ik 3k 10k 0 12 3 

SUPPLY VOLTAGE (V) LOAD RESISTANCE (Q) TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 
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LT1055/LT1056 


APPUCHTIOflS lAPORfllATIOn 

The LT1055/1056 may be inserted directly into LF155A/ 
355A, LF156A/356A, OP-15 and OP-16 sockets. Offset 
nulling will be compatible with these devices with the 
wiper of the potentiometer tied to the positive supply. 


Offset Nulling 



No appreciable change in offset voltage drift with temper- 
ature will occur when the device is nulled with a poten- 
tiometer, Rp, ranging from 10k to 200k. 

The LT1 055/ 1056 can also be used in LF351, LF411, 
AD547, AD611, 0PA-111, and TL081 sockets, provided 
that the nulling circuitry is removed. Because of the 
LT1055/1056's low offset voltage, nulling will not be 
necessary in most applications. 

Achieving Picoampere/ Microvolt Performance 

In order to realize the picoampere-microvolt level ac- 
curacy of the LT1055/1056 proper care must be exer- 
cised. For example, leakage currents in circuitry external 
to the op amp can significantly degrade performance. 
High quality insulation should be used (e.g. Teflon™, 
Kel-F); cleaning of all insulating surfaces to remove 
fluxes and other residues will probably be required. Sur- 
face coating may be necessary to provide a moisture bar- 
rier in high humidity environments. 

Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs: in inverting configurations the guard 
ring should be tied to ground, in non-inverting connec- 
tions to the inverting input at pin 2. Guarding both sides 
of the printed circuit board is required. Bulk leakage 
reduction depends on the guard ring width. 

Teflon™ is a trademark of DuPont. 



The LT1 055/ 1056 has the lowest offset voltage of any 
JFET input op amp available today. However, the offset 
voltage and its drift with time and temperature are still not 
as good as on the best bipolar amplifiers because the 
transconductance of FETs is considerably lower than that 
of bipolar transistors. Conversely, this lower transcon- 
ductance is the main cause of the significantly faster 
speed performance of FET input op amps. 

Offset voltage also changes somewhat with temperature 
cycling. The AM grades show a typical 20/A/ hysteresis 
(30/A/ on the M grades) when cycled over the - 55°C to 
1 25°C temperature range. Temperature cycling from 0°C 
to 70°C has a negligible (less than 10/A/) hysteresis 
effect. 

The offset voltage and drift performance are also affected 
by packaging. In the plastic N8 package the molding 
compound is in direct contact with the chip, exerting 
pressure on the surface. While NPN input transistors are 
largely unaffected by this pressure, JFET device match- 
ing and drift are degraded. Consequently, for best DC 
performance, as shown in the typical performance distri- 
bution plots, the TO-5 H package is recommended. 

Noise Performance 

The current noise of the LT1 055/ 1056 is practically im- 
measurable at 1 .8fA/VHz. At 25°C it is negligible up to 
1GO of source resistance, Rs (compared to the noise of 
Rs). Even at 125°C it is negligible to 100MG of Rs. 


XTUPS® 
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LT1055/LT1056 


nppiicATions inFORfflHnon 

The voltage noise spectrum is characterized by a low 1 /f 
corner in the 20Hz to 30Hz range, significantly lower than 
on other competitive JFET input op amps. Of particular 
interest is the fact that, with any JFET 1C amplifier, the 
frequency location of the 1 /f corner is proportional to the 
square root of internal gate leakage currents and, there- 
fore, noise doubles every 20°C. Furthermore, as il- 
lustrated in the noise versus chip temperature curves, 
the 0. 1 Hz to 1 0Hz peak-to-peak noise is a strong function 
of temperature, while wideband noise (fo = 1 kHz) is 
practically unaffected by temperature. 

Consequently, for optimum low frequency noise, chip 
temperature should be minimized. For example, operating 
an LT1056 at ±5V supplies or with a 20°C/W case-to- 
ambient heat sink reduces 0.1Hz to 10Hz noise from typi- 
cally 2.5/tVp-p ( ± 15V, free-air) to 1 .5/Wp-p. Similarly, the 
noise of an LT 1 055 will be 1 .8/^Vp-p typically because of its 
lower power dissipation and chip temperature. 

High Speed Operation 

Settling time is measured in the test circuit shown. This 
test configuration has two features which eliminate prob- 
lems common to settling time measurements: (1) probe 
capacitance is isolated from the “false summing’’ node, 
and (2) it does not require a “flattop” input pulse since 


the input pulse is merely used to steer current through 
the diode bridges. For more details, please see Applica- 
tion Note 10. 

As with most high speed amplifiers, care should be taken 
with supply decoupling, lead dress and component 
placement. 

When the feedback around the op amp is resistive (Rf ) , a 
pole will be created with Rf, the source resistance and 
capacitance (Rs, Cs), and the amplifier input capaci- 
tance (Cin =4pF). In low closed loop gain configurations 
and with Rs and Rf in the kilohm range, this pole can 
create excess phase shift and even oscillation. A small 
capacitor (Cf ) in parallel with Rf eliminates this problem. 
With Rs(Cs+Cin)=RfCf, the effect of the feedback 
pole is completely removed. 


C F 



Settling Time Test Circuit 
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LT 1 055/ LT 1056 


nppucflTions mFORmnnon 

Phase Reversal Protection 

Most industry standard JFET input op amps (e.g. , 
LF155/156, LF351 , LF411, 0P15/16) exhibit phase 
reversal at the output when the negative common-mode 
limit at the input is exceeded (i.e. , from — 1 2V to —15V 
with ± 15V supplies). This can cause lock-up in servo 
systems. As shown below, the LT1 055/ 1056 does not 
have this problem due to unique phase reversal protec- 
tion circuitry (Q1 on simplified schematic). 


Voltage Follower with Input Exceeding the Negative 
Common-Mode Range 



OUTPUT OUTPUT 

INPUT (LF155/56, LF411, OP-15/16) LT1055/56 



/Tiirm 
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LT1055/LT1056 
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LT 1 055/ LT 1056 


TYPICAL APPUCATIOnS 


*1% FILM RESISTOR 
►I = 1N4148 
FREQ LINEARITY = 0.1% 

FREQ STABILITY = 150ppm/°C 
SETTLING TIME* 1.7ms 
DISTORTION = 0.25% AT 100kHz. 

0.07% AT 10kHz 




3 2N4391 2N4391 5k * 

2 

li II 

+ 15V 15pF l ^ 

+ 15V 5k J 

I FREQ 1 

1 f TRIM | 

tfiyq 

E r 

6 22k 2 

+ >^4 HP5082-2810J ^ ^ p 

1 3 


S 1k 3 

Ik 

J-2N 4 39, 

— 15V 1 — 

-15V 




L L V ™ 4148 ^ 

50k > <imT 2N2907 


L w 1N965 L L 

ClOk 'f' <510fi £330fi 


■I 
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LT1055/LT1056 


simpuFi€D scHcmnnc 


NULL 



H Package Metal Can 


0.040 

(1.016) 

MAX 

0.335-0.370 
* (8.509-9.398) 

DIA 

0.305-0.335 

(7.747-8.509)”^ 


L 


0.050 A 

h ?7m 0 165-0 185 

MAX (4.191-4.699) 

jf | REFERENCE 

SEATING A 

PLANE | T 

0.010-0 045 
(0.254-1 143) 

UHHHJ , ““ 0.500 * 0 750 

m n on t 

0 016-0 021 


(0.406-0.533) 



N8 Package 
8 Lead Plastic 



NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 


I Tjmax 

0ja 

! e ' c 1 

1 150°C I 

I 150°C/W | 

45°C/W | 
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LT1055S8/LT1056S8 


rrunm 

JmktmJ TECHNOLOGY 


Precision, High Speed, 
JFET Input Operational Amplifiers 


FCDTunes 


■ Guaranteed Offset Voltage 1.5mVMax. 

0°Cto70°C 2.2mV Max. 

■ Low Drift 4/iV/°CTyp. 

■ Guaranteed Bias Current 

70°C Warmed Up 400pA Max. 

■ Guaranteed Slew Rate 9V//isMin. 


nppucnnons 

■ Precision, High Speed Instrumentation 

■ Logarithmic Amplifiers 

■ D/A Output Amplifiers 

■ Photodiode Amplifiers 

■ Voltage to Frequency Converters 

■ Frequency to Voltage Converters 

■ Fast, Precision Sample and Hold 


DCSCMPTIOn 

The LT1055/LT1056 JFET input operational amplifiers com- 
bine precision specifications with high speed performance. 

For the first time in an SO package, 14V/^s slew rate and 
5.5MHz gain-bandwidth product are simultaneously 
achieved with offset voltage of typically 0.5mV, 4/iV/°C 
drift, and bias currents of 60pA at 70°C. 

The 1.5mV maximum offset voltage specification is the 
best available on any JFET input operational amplifier in 
the plastic SO package. 

The LT1055 and LT1056 are differentiated by their operat- 
ing currents. The lower power dissipation LT1055 achieves 
lower bias and offset currents and offset voltage. The 
additional power dissipation of the LT1056 permits higher 
slew rate, bandwidth and faster settling time with a slight 
sacrifice in DC performance. 

The voltage to frequency converter shown below is one of 
the many applications which utilize both the precision and 
high speed of the LT1055/LT1056. 


0 to 10kHz Voltage-to-Frequency Converter 



rrunm 
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LT1055S8/LT1056S8 


absolute maximum ratiags 


Supply Voltage ±20V 

Differential Input Voltage ±40V 

Input Voltage +20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IAFORAIATIOA 



€L€CTRICAL CHARACTERISTICS Vs= ±15V, Ta=25°C,Vcm=0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1055S8 

LT1056S8 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage (Note 1) 



500 

1500 

mV 

■os 

Input Offset Current 

Fully Warmed Up 


5 

30 

pA 

•b 

Input Bias Current 

Fully Warmed Up 


±30 

±100 

pA 



V CM =+10V 


30 

150 

PA 


Input Resistance —Differential 



0.4 


TO 


-Common-Mode 

V C m= -11V to +8V 


0.4 


TO 



V C m= +8Vto +11V 


0.05 


TO 


Input Capacitance 


4 | 

PF 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz LT1055 


2.5 


/iVp-p 



LT1056 


3.5 


(■v p-p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 2) 


35 

70 

nV/VHz 



f 0 = 1kHz (Note 2) 


15 

22 

nV/VRz 

*n 

Input Noise Current Density 

f o =10Hz, 1kHz (Note 3} 


2.5 

10 

fA/VHz 

a vol 

Large Signal Voltage Gain 

V o =±10V R L = 2k 

120 

400 


V/m V 



R l = Ik 

100 

300 


V/mV 


Input Voltage Range 


±11 

±12 


V 

CMRR 

Common-Mode Rejection Ratio 

> 

+i 

ii 

> 8 

83 

98 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 18V 

88 

104 


dB 

VOUT 

Output Voltage Swing 

R l = 2k 

±12 

±13.2 


V 

SR 

Slew Rate 

LT1055 

7.5 

12 


V/ M s 



LT1056 

9.0 

14 


V/,ts 

GBW 

Gain-Bandwidth Product 

f = 1 MHz LT1055 


4.5 


MHz 



LT1056 


5.5 


MHz 

Is 

Supply Current 

LT1055 


2.8 

4.0 

mA 



LT1056 


5.0 

7.0 

mA 


Offset Voltage Adjustment Range 

Rpot = 100k 

! ±5 

mV 
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LT1055S8/LT1056S8 


CUCTRICAl CHRAACTCRISTICS V$ = ± 15V, Vcm = OV, 0°C<Ta< 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT 1 055S8/1 056S8 
TYP 

MAX 

UNITS 

v os 

Input Offset Voltage (Note 1) 


• 


800 

2200 

mV 


Average Temperature 

Coefficient of Input Offset 

Voltage 


• 


4 

15 

/tV/°C 

•os 

Input Offset Current 

Warmed Up 

T a = 70°C 

• 


18 

150 

pA 

*B 

Input Bias Current 

Warmed Up 

T a = 70°C 

• 


±60 

±400 

pA 

A V0L 

Large Signal Voltage Gain 

V 0 = ±10V, R,_ = 2k 

• 

60 

250 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 

• 

82 

98 


dB 

PSRR 

Power Supply Rejection Ratio 

V s =±10Vto±18V 

• 

87 

103 


dB 

V OUT 

Output Voltage Swing 

R L = 2k 

• 

±12 

±13.1 


V 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Offset voltage is measured under two different conditions: 

(a) approximately 0.5 seconds after application of power; (b) at T A = 25°C 
only, with the chip heated to approximately 38°C for the LT 1055 and to 45°C 
for the LT 1 056, to account for chip temperature rise when the device is fully 
warmed up. 


Note 2: This parameter is tested on a sample basis only. 

Note 3: Current noise is calculated from the formula: i n = (2ql B ) 1/2 , where 
q = 1 .6 x 10~ 19 coulomb. The noise of source resistors up to 1 Gfi swamps the 
contribution of current noise. 

Note 4: Offset voltage drift with temperature is practically unchanged when 
the offset voltage voltage is trimmed to zero with a 100k potentiometer be- 
tween the balance terminals and the wiper tied to V + . 
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LT1057/LT1058 


F€ATUR€S 


■ 14V//»s Slew Rate 

10V//isMin. 

■ 5MHz Gain-Bandwidth Product 


■ Fast Settling Time 

1.3/iS to 0.02% 

■ 1 50(iV Offset Voltage (LT 1 057) 

450/iV Max. 

■ 180/iV Offset Voltage (LT1058) 

600fiV Max. 

■ 2/tV/°C V 0 s Drift 

7pV/°C Max. 

■ 50pA Bias Current at 70°C 


■ Low Voltage Noise 

13nV/Vfiz @ 1kHz 


26nV/VHz @ 10Hz 


RPPUCATIORS 

■ Precision, High Speed Instrumentation 

■ Fast, Precision Sample and Hold 

■ Logarithmic Amplifiers 

■ D/A Output Amplifiers 

■ Photodiode Amplifiers 

■ Voltage to Frequency Converters 

■ Frequency to Voltage Converters 


Dual and Quad, JFET Input 
Precision High Speed Op Amps 

DCSCRIPTIOR 

The LT1057 is a matched JFET input dual op amp in the 
industry standard 8 pin configuration, featuring a com- 
bination of outstanding high speed and precision speci- 
fications. It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the LT1057 upgrades the 
performance of systems using the LF412A and OP-215 
JFET input duals. 

The LT1058 is the lowest offset quad JFET input opera- 
tional amplifier in the standard 14 pin configuration. It of- 
fers significant accuracy improvement over presently 
available JFET input quad operational amplifiers. It can re- 
place four single precision JFET input op amps, while sav- 
ing board space, power dissipation and cost. 

Both the LT1057 and LT1058 are available in all standard 
packages: plastic and hermetic DIP and (LT1057 only) 
metal can. 


Current Output, High Speed, High Input Impedance 
Instrumentation Amplifier 


Distribution of Offset Voltage 
(All Packages, LT1057and LT1058) 



•GAIN ADJUST 

**C0MM0N-M0DE REJECTION ADJUST 
BANDWIDTH ~2MHz 


25 


20 

CO 

I 15 

U_ 

0 

t— 

1 10 


5 


0 

- 1.0 - 0.6 - 0.2 0 0.2 0.6 1.0 
INPUT OFFSET VOLTAGE (mV) 


_ 

f S= 

A = 2 

L 

±15V 

5°C 



L 

L 

n 

T1 

T1 

L 

057. 610 OP AMPS 
)58: 520 OP AMPS 

1130 OP AMPS 

1 

1 

1 

1 

li 



1 


a 

i 

1 

1 

1 

1 

a 

i 

1 

1 

a 

a 

1 

1 

1 



i 

i 



1 

i 

i 

1 


| 

■ 

1 


i 

i 



8 

i 

i 
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LT1057/LT1058 


absolute mnximum ratiags 


package/order mFORmATion 


Supply Voltage ±20V 

Differential Input Voltage ±40V 

Input Voltage + 20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 
LT 1 057AM/LT t 

LT 1 058AM/LT 1 058M -55°Cto125°C 

LT1057AC/LT1057C/ 

LT 1 058 AC/LT 1 058C 0°C to 70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



V- (CASE) 

METAL CAN H PACKAGE 



HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 


OUTPUT A [7 
-IN A [7 
+ IN A [7 
v+[7 

+ | N B U-|> 

-INB[6 
OUTPUT B [7 


14] OUTPUT D 
13] — IN D 
T2J + IN D 
Tijv- 

<|-ioJ+inc 
7) — INC 

7] OUTPUT C 


ORDER PART NO. 


LT1057AMH 

LT1057MH 

LT1057ACH 

LT1057CH 


LT1057AMJ8 

LT1057MJ8 

LT1057ACJ8 

LT1057CJ8 

LT1057ACN8 

LT1057CN8 


LT1058AMJ 

LT1058MJ 

LT1058ACJ 

LT1058CJ 

LT1058ACN 

LT1058CN 


HERMETIC DIP J1 4 PACKAGE 
PLASTIC DIP N14 PACKAGE 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Ta = 25°C, Vcm = 0V unless otherwise noted. (Note 1) 





LT 1 057AM/LT 1 058AM 

LT 1 057M/LT 1 058M 





LT1 057 AC/LT1 058 AC 

LT1057C/LT1058C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 

LT1057 

150 450 

200 800 

mV 



LT1058 

180 600 

250 1000 

mV 

•os 

Input Offset Current 

Fully Warmed Up 

3 40 

4 50 

pA 

lb 

Input Bias Current 

Fully Warmed Up 

±5 ±50 

±7 ±75 

pA 


Input Resistance-Differential 


10 12 

10 12 

0 


-Common-Mode 

V C m= — 1 1V to 8 V 

10 12 

10 12 

0 



V C m = 8V tollV 

10" 

10 11 

0 


Input Capacitance 


4 

4 

pF 

e n 

Input Noise Voltage 

O.IHzto 10Hz LT1057 

2.0 

2.1 

/Wp-p 



LT1058 

2.4 

- - ... 

2.5 

/<Vp-p 

e n 

Input Noise Voltage Density 

! f o = 10Hz 

26 

28 

nV/Vfiz 



f 0 = 1kHz (Note 2) 

13 22 

14 24 

nV/VHz 

•n 

Input Noise Current Density 

f 0 = 10Hz, 1kHz (Note 3) 

1.5 4 

1.8 6 

fA/VHz 

A VOL 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

150 350 

100 300 

V/mV 



V o =±10V, R L = 1k 

120 250 

80 220 

V/mV 


Input Voltage Range 


±10.5 14.3 

±10.5 14.3 

V 




-11.5 

-11.5 


CMRR 

Common-Mode Rejection Ratio 

LT1057 

86 100 

82 98 

dB 



LT1058 

84 98 

80 96 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ±18V 

88 103 

86 102 

dB 

V 0 UT 

Output Voltage Swing 

R L = 2k 

±12 ±13 

±12 ±13 

V 
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LT1057/LT1058 


€L€CTRICHL CHARACTERISTICS Vs = ± 15V, T* = 25°C, Vcm = OV unless otherwise noted. (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT 1 057AM/LT 1 058AM 

LT 1 057AC/LT 1 058AC 

MIN TYP MAX 

LT1057M/LT1058M 

LT 1 057C/LT 1 058C 

MIN TYP MAX 

UNITS 

SR 

Slew Rate 


10 14 

8 13 

%s 

GBW 

Gain-Bandwidth Product 

f = 1MHz (Note 5) 

3.5 5 

3 5 

MHz 

k 

Supply Current Per Amplifier 


1.6 2.5 

1.7 2.8 

mA 


Channel Separation 

DC to 5kHz, V, N = ± 10V 

132 

130 

dB 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Vcm = OV, 0°C < Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1057AC 

LT1058AC 

TYP 

MAX 

MIN 

LT1057C 

LT1058C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1057 

• 


250 

800 


330 

1400 

mV 



LT1058 

• 


300 

1200 


400 

1800 

mV 


Average Temperature 

LT1057H/J8 Package 

• 


1.8 

7 


2.3 

12 

/iV/°C 


Coefficient of Input 

N8 Package 

• 


3 

10 


4 

16 

liWC 


Offset Voltage 

LT1058J Package (Note 4) 



2.5 

10 


3 

15 

lMI°C 



N Package (Note 4) 



4 

15 


5 

22 

/|V/°C 

>os 

Input Offset Current 

Warmed Up, T a =70°C 



18 

150 


20 

250 

PA 

'b 

Input Bias Current 

Warmed Up, T a =70°C 



±50 

±250 


±60 

±350 

PA 

a vol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 


70 

220 


50 

200 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

Vcm =± 10.4V 


85 

98 


80 

96 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 18V 


87 

102 


84 

100 


dB 

V OUT 

Output Voltage Swing 

R L =2k 

• 

±12 

±12.8 


±12 

±12.8 


V 

Is 

Supply Current Per Amplifier 


• 



2.8 



3.2 

mA 



o 

o 

II 

h? 



1.4 



1.5 


mA 

€l€CTRICAl CHARACTERISTICS v s = < 

:15V, Vcm = 

0V, - 55°C<Ta< 125°C, unless otherwise noted. 






LT1057AM 



LT1057M 








LT1058AM 



LT1058M 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1057 

• 


300 

1100 


400 

2000 

^V 



LT1058 

• 


380 

1600 


550 

2500 

mV 


Average Temperature Coefficient 

LT1057 

• 


2.0 

7 


2.5 

12 



of Input Offset Voltage 

LT1058 (Note 4) 

• 


2.5 

10 


3 

15 

/iV/°C 

■os 

Input Offset Current 

Warmed Up, T A = 125°C 



0.15 

2 


0.2 

3 

nA 

ib 

Input Bias Current 

Warmed Up, T a =125°C 



±0.6 

±4.5 


±0.7 

±6 

nA 

a vol 

Large Signal Voltage Gain 

V o =±10V, R L = 2k 

• 

40 

120 


30 

110 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.4V 

• 

84 

97 


80 

95 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ±17V 

• 

86 

100 


83 

98 


dB 

VOUT 

Output Voltage Swing 

R L = 2k 

• 

±12 

±12.7 


±12 

±12.6 


V 

k 

Supply Current Per Amplifier 

T A = 125°C 



1.25 

1.9 


1.3 

2.2 

mA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Typical parameters are defined as the 60% yield of distributions of 
individual amplifiers; i.e., out of 100 LT1058s or (100 LT1057s), typically 
240 op amps (or 120 for the LT1057) will be better than the indicated 
specification. 

Note 2: This parameter is tested on a sample basis only. 


Note 3: Current noise is calculated from the formula: 
in=(2ql b ) 1/2 

where q = 1 .6 x 1 0 _ 19 coulomb. The noise of source resistors up to 1G0 
swamps the contribution of current noise. 

Note 4: This parameter is not 100% tested. 

Note 5: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 
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LT1057/LT1058 


TYPICAL PCAPOfffflAACC CHRRACTCRISTICS 


Input Bias and Offset Currents 
vs Temperature 



0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Input Bias Current Over 

the Common-Mode Range Warm-Up Drift 



160 _ 
140 I 

120 > 
CO 

100 I 

80 % 

60 >; 
ro 

40 g 

20 ° 
o 

0 ” 

- 20 s 


-15 -10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE (V) 


Vs=±1 

T A =25° 

5 V 










L' 

1058 N PACKAGE 

- 

■P 

Ss 

ri057 N, LT1058J 

t 

’ACKAGE ' 



1 

ri057 H PACKAGE 








Is 

- L 

T1057 J PACKAGE 

1 



0 1 2 3 4 5 

TIME AFTER POWER ON (MINUTES) 


Distribution of Offset Voltage 
Drift with Temperature 
(H and J Package) 


Distribution of Offset Voltage 
Drift with Temperature 
(Plastic N Package) 


Long Term Drift of 
Representative Units 



= ±15 

V 


112 

□ 

LT1057H: 102 OP AMPS 
LT1057J: 130 OP AMPS 
uin^Ri- np ampr 






96 


3 

38 OP 

AMPS 




0 

- 



















32 




2 

4 



=Le 


_ 



rtli 

4 ^ 

L 1 


-12 -9 -6 -3 0 3 6 9 12 

OFFSET VOLTAGE DRIFT WITH TEMPERATURE ( M V/°C) 



-12 -9 -6 -3 0 3 6 9 12 


OFFSET VOLTAGE DRIFT WITH TEMPERATURE ( M V/°C) 



Voltage Noise vs Frequency 



3 10 30 100 300 1000 3000 10,000 

FREQUENCY (Hz) 


0.1 Hz to 10Hz Noise 


V S ’= ± 15V 







Ta 

= 25 

°c 

















A 

s 

* 







r 

V 

5 


l*Ay 
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0 2 4 6 8 10 

TIME (SECONDS) 


Voltage Gain vs Temperature 



-75 -25 25 75 125 

TEMPERATURE (°C) 
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LT1057/LT1058 


TVPICAl P€flFORmnnC6 CHARACTERISTICS 


Common-Mode Rejection Ratio 
vs Frequency 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Range vs 
Temperature 
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"Vs^ 

1 15V 
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TEMPERATURE (°C) 


Common-Mode and Power 
Supply Rejections vs 
Temperature 


Vs= 

Vs= 

±10V 
± 15V, 

ro ±i 

V CM = 

7V FOR 
±10.5 

PSRR 
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PSRR 







CMRR 




















-25 25 75 125 

TEMPERATURE (°C) 


Power Supply Rejection Ratio 
vs Frequency 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


1 


cc 


< 

cc 


CL. 



O- 

Q_ 

CO 


Supply Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Short Circuit Current vs Time 
(One Output Shorted to Ground) 


50 

40 

< 30 
jjjj 20 

I 10 
e 

t= 0 


” -30 
-40 
-50 

0 12 3 

TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 



APPUCATIOAS IftFOAfflATlOA 

The LT1057 may be inserted directly into LF353, LF412, 
LF442, TL072, TL082 and OP-215 sockets. The LT1058 
plugs into LF347, LF444, TL074, TL084 sockets. Of course, 
all standard dual and quad bipolar op amps can also be re- 
placed by these devices. 

High Speed Operation 

When the feedback around the op amp is resistive (Rf), a 
pole will be created with Rf, the source resistance and 
capacitance (Rs, Os), and the amplifier input capacitance 
(C|N«4pF). In low closed loop gain configurations and 
with Rs and Rf in the kilohm range, this pole can create ex- 
cess phase shift and even oscillation. A small capacitor 


(Cf) in parallel with Rf eliminates this problem. With 
Rs(Cs+Cin) = RfCf, the effect of the feedback pole is 
completely removed. 


Cf 
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LT1057/LT1058 


nppucnnons inroRmnnon 

Settling time is measured in a test circuit which can 
be found in the LT1055/LT1056 data sheet and in Applica- 
tion Note 10. 

Achieving Picoampere/Microvolt Performance 

In order to realize the picoampere/microvolt level accuracy 
of the LT1057/LT1058, proper care must be exercised. For 
example, leakage currents in circuitry external to the op 
amp can significantly degrade performance. High quality 
insulation should be used (e.g., Teflon™, Kel-F); cleaning 
of all insulating surfaces to remove fluxes and other 
residues will probably be required. Surface coating may be 
necessary to provide a moisture barrier in high humidity 
environments. 

Board leakage can be minimized by encircling the input 
circuitry with a guard ring operated at a potential close to 
that of the inputs; in inverting configurations the guard 
ring should be tied to ground, in non-inverting connections 
to the inverting input. Guarding both sides of the printed 
circuit board is required. Bulk leakage reduction depends 
on the guard ring width. 

The LT1057/LT1058 have the lowest offset voltage of any 
dual and quad JFET input op amps available today. 
However, the offset voltage and its drift with time and 
temperature are still not as good as on the best bipolar 
amplifiers because the transconductance of FETs is con- 
siderably lower than that of bipolar transistors. Converse- 
ly, this lower transconductance is the main cause of the 
significantly faster speed performance of FET input op 
amps. 

Teflon™ is a trademark of DuPont. 


Offset voltage also changes somewhat with temperature 
cycling. The AM grades show a typical 40/tV hysteresis 
(50/tV on the M grades) when cycled over the -55°C to 
125°C temperature range. Temperature cycling from 0°C 
to 70°C has a negligible (less than 20/tV) hysteresis effect. 

The offset voltage and drift performance are also affected 
by packaging. In the plastic N package the molding com- 
pound is in direct contact with the chip, exerting pressure 
on the surface. While NPN input transistors are largely 
unaffected by this pressure, JFET device drift is degraded. 
Consequently, for best drift performance, as shown in the 
typical performance distribution plots, the J or H pack- 
ages are recommended. 

In applications where speed and picoampere bias currents 
are not necessary, Linear Technology offers the bipolar in- 
put, pin compatible LT1013 and LT1014 dual and quad op 
amps. These devices have significantly better DC speci- 
fications than any JFET input device. 

Phase Reversal Protection 

Most industry standard JFET input single, dual and quad 
op amps (e.g., LF156, LF351, LF353, LF411, LF412, OP-15, 
OP-16, OP-215, TL084) exhibit phase reversal at the output 
when the negative common-mode limit at the input is ex- 
ceeded (i.e., below - 12V with + 15V supplies). The photos 
show a ± 16V sine wave input (A), the response of an 
LF412A in the unity gain follower mode (B), and the re- 
sponse of the LT1057/LT1058 (C). 

The phase reversal of photo (B) can cause lock-up in servo 
systems. The LT1057/LT1058 does not phase-reverse due 
to a unique phase reversal protection circuit. 



(A) ± 16V Sine Wave Input (B) LF412A Output (C) LT1057/LT1058 Output 

All Photos 5VfDiv Vertical Scale, 50 ; s/Di v Horizontal Scale 
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Bipolar Input (AC) V- F Converter 



12 Bit A- D Converter 










LT1057/LT1058 


fippucnnons 


Instrumentation Amplifier with Shield Driver 



lOOdB Range Logarithmic Photodiode Amplifier 





MS 

U. 

L 

- 




1 13 

|9 




15V 


= HP-5082-4204 PIN PHOTODIODE. 

Q1-Q5 = CA3096. 

CONNECT SUBSTRATE OF CA3096 
ARRAY TO Q4’S EMITTER. 

*1% RESISTOR 

lOOdB RANGE LOGARITHMIC PHOTODIODE AMPLIFIER 



RESPONSE DATA 


LIGHT (900/xM) 

DIODE CURRENT 

CIRCUIT OUTPUT 

1MW 

350/xA 

10.0V 

100/iW 

35M 

7.85V 

%W 

3.5^ 

5.70V 

VW 

350nA 

3.55V 

lOOnW 

35nA 

1.40V 

lOnW 

3.5nA 

-0.75V 
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LT1057/LT1058 


PflCKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


H Package 



INSULATING 

STANDOFF 


NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE 



J Package 

14-Lead Hermetic DIP 


N Package 
14-Lead Plastic 
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LT1057S/LT1057IS 


TECHNOLOGY 


Dual JFET Input Precision 
High Speed Op Amp 


F€ATUR€S 

* 13V//is Slew Rate 8V/^s Min. 

■ 5MHz Gain-Bandwidth Product 

■ Fast Settling Time 1.3/xs to 0.02% 

■ 300^ Offset Voltage (LT1 057) 

■ 5^V/°C Vos Drift 

■ 60pA Bias Current at 70°C 

■ Low Voltage Noise 1 3nV/VHz @ 1kHz 

26nV/Vfiz @ 10Hz 


APPUCATIORS 


DcscmpTion 

The LT1057 is a matched JFET input dual op amp in the 
industry standard 8 pin configuration, featuring a com- 
bination of outstanding high speed and precision speci- 
fications. It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the LT1057 upgrades the 
performance of systems using the LF412A and OP-215 
JFET input duals. 

For the first time, precision dual JFET op amps are avail- 
able in a surface mounted package. For extended operat- 
ing temperatures (-40 °C<Ta< 85°C), the LT1057IS is 
offered. 


■ Precision, High Speed Instrumentation 

■ Fast, Precision Sample and Hold 

■ Logarithmic Amplifiers 

■ D/A Output Amplifiers 
* Photodiode Amplifiers 

■ Voltage to Frequency Converters 

■ Frequency to Voltage Converters 


Current Output, High Speed, High Input Impedance Instrumentation Amplifier 



•GAIN ADJUST 

**COMMON-MODE REJECTION ADJUST 
BANDWIDTH «2MHz 
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LT1057S/LT1057IS 


absolute mnximum ratirgs 


PACKRG€/ORD€R IRFORmATIOR 


Supply Voltage ±20V 

Differential Input Voltage ±40V 

Input Voltage ±20 V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1057S 0°Cto 70°C 

LT1057IS -40°Cto 85°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



S16 PACKAGE 
PLASTIC SOL 


ORDER PART 
NUMBER 


LT1057S 

LT1057IS 


PART MARKING 


LT1057S 

LT1057IS 


ELECTRICAL CHARACTERISTICS Vs = ± 15V, Ta = 25° C, Vcm = 0V unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



0.3 

2 

mV 

■os 

Input Offset Current 

Fully Warmed Up 


5 

50 

pA 

■b 

Input Bias Current 

Fully Warmed Up 


±10 

±100 

pA 


Input Resistance —Differential 



0.4 


TO 


-Common-Mode 

V CM = — 1 1 V to ■+• 8V 


0.4 


TO 



V C m= +8V to +11V 


0.05 


TO 


Input Capacitance 


4 

PF 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz 

2.1 

^Vp-p 


Input Noise Voltage Density 

f o = 10Hz 


26 


nVMTz 



f 0 = 1kHz 


13 


nV/VHz 

■n 

Input Noise Current Density 

f 0 = 10Hz, 1kHz 

1.8 

fA/Vfiz 

A V0L 

Large Signal Voltage Gain 

V 0 = ±10V R l = 2k 

100 

300 


V/mV 



R L = Ik 

50 

220 


V/mV 


Input Voltage Range 


±10.5 

14.3 


V 





-11.5 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM =± 10.5V 

82 

98 


dB 

PSRR 

Power Supply Rejection Ratio 

V 8 = ± 10V to ± 18V 

86 

102 


dB 

V OUT 

Output Voltage Swing 

R L = 2k 

±12 

±13 


V 

SR 

Slew Rate 


8 

13 


V//t s 

GBW 

Gain-Bandwidth Product 

f = 1MHz (Note 1) 

3 

5 


MHz 

ls 

Supply Current Per Amplifier 



1.7 

2.8 

mA 


Channel Separation 

DC to 5kHz, V|n= ± 10V 

130 

dB 
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LT1057S/LT1057IS 


CMCTRICRl CHRRRCTCRISTICS 

V s = + 15V, Vcm = 0 V, 0°C <Ta<70°C (LT1057S) or - 40°C <T* <85°C (LT1057IS), unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 


• 


0.5 

2.5 

mV 


Average Temperature 

Coefficient of Input 

Offset Voltage 


• 

5 

M V/ 0 C 

■os 

Input Offset Current 

Warmed Up, T* = 70°C (LT1057S) 



20 

250 

pA 



Warmed Up, T A = 85°C (LT1057IS) 



35 

400 

PA 

■b 

Input Bias Current 

Warmed Up, T A = 70°C (LT1057S) 



±60 

±400 

PA 



Warmed Up, T A = 85°C (LT1057IS) 



±100 

±700 

PA 

Avol 

Large Signal Voltage Gain 

CM 

II 

—4 

oc 

> 

o 

+1 

II 

o 

> 

• 

50 

200 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

Vcm =± 10.5V 

• 

80 

96 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ± 10V to ± 18V 

• 

84 

100 


dB 

V 0UT 

Output Voltage Swing 

R l = 2k 

• 

±12 

±12.8 


V 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Gain bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 
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NOTES 




LT1078/LT1079 



urm 


TECHNOLOGY 


Micropower, Dual and Quad, 
Single Supply, Precision Op Amps 


F€flTUR€S 

■ 50/tA Max Supply Current per Amplifier 

■ 70/iV Max Offset Voltage 

■ 250pA Max Offset Current 

■ 0.6pVp-p 0.1 Hz to 10Hz Voltage Noise 

■ 3pAp-p O.IHzto 10Hz Current Noise 

■ 0.4ftV/°C Offset Voltage Drift 

■ 200kHz Gain-Bandwidth-Product 

■ 0.07V//tS Slew Rate 

■ Single Supply Operation 

Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull Down Resistors are Needed 

■ Output Sources and Sinks 5mA Load Current 

fippucnnons 

■ Battery or Solar Powered Systems 

Portable Instrumentation 
Remote Sensor Amplifier 
Satellite Circuitry 

■ Micropower Sample and Hold 

■ Thermocouple Amplifier 

■ Micropower Filters 


DCSCMPTIOfl 

The LT1078 is a micropower dual op amp in the standard 
8-pin configuration; the LT1079 is a micropower quad op 
amp offered in the standard 14-pin packages. Both devices 
are optimized for single supply operation at 5V. + 15V 
specifications are also provided. 

Micropower performance of competing devices is 
achieved at the expense of seriously degrading precision, 
noise, speed, and output drive specifications. The design 
effort of the LT1078/1079 was concentrated on reducing 
supply current without sacrificing other parameters. The 
offset voltage achieved is the lowest on any dual or quad 
non-chopper stabilized op amp-m'icropower or other- 
wise. Offset current, voltage and current noise, slew rate 
and gain-bandwidth-product are all two to ten times better 
than on previous micropower op amps. 

The 1/f comer of the voltage noise spectrum is at 0.7Hz, at 
least three times lower than on any monolithic op amp. 
This results in low frequency (0.1Hz to 10Hz) noise per- 
formance which can only be found on devices with an or- 
der of magnitude higher supply current. 

Both the LT1078 and LT1079 can be operated from a single 
supply (as low as one lithium cell or two Ni-cad batteries). 
The input range goes below ground. The all-NPN output 
stage swings to within a few millivolts of ground while 
sinking current— no power consuming pull down resistors 
are needed. 


Single Battery, Micropower, Gain = 100, 
Instrumentation Amplifier 


Distribution of Input Offset Voltage 
(LT1078 and LT1079 in All Packages) 



TYPICAL PERFORMANCE 

INPUT OFFSET VOLTAGE =40/tV OUTPUT NOISE =85/*Vp-p 0 1Hz TO 10Hz 

INPUT OFFSET CURRENT =0 2nA =300 M V RMS OVER FULL BANDWIDTH 

TOTAL POWER DISSIPATION =240 M W INPUT RANGE =0 03V TO .1 8V 

COMMON-MODE REJECTION = 1 1 0dB (AMPLIFIER LIMITED) OUTPUT RANGE =0 03V TO 2 3V (0 3mV<V| N + -V| N _ s23mV) 

GAIN BANDWIDTH PRODUCT = 200kHz OUTPUTS SINK CURRENT-NO PULL DOWN RESISTORS ARE NEEDED 
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LT1078/LT1079 


absolute mnximum ratiags package/order iaforaiatioa 


Supply Voltage ±22V 

Differential Input Voltage ±30V 

Input Voltage Equal to Positive Supply Voltage 

5V Below Negative Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT 1 078AM/LT 1 078M/ 

LT1079AM/LT1079M -55°Cto125°C 

LT 1 078AC/LT 1 0780/ 

LT 1 079 AC/LT 1 079C 0°Cto70°C 

Storage Temperature Range 

All Grades -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



ELECTRICAL CHARACTERISTICS V S = 5V, 0V, V CM = 0.1 V, Vo = 1.4V, Ta = 25°C, unless noted. 


SYMBOL 

PARAMETER 

CONDITIONS (NOTE 1) 

MIN 

LT1078AM/AC 

LT1079AM/AC 

TYP MAX 

MIN 

LT1078M/C 

LT1079M/C 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1078 


30 

70 


40 120 

mV 



LT1079 


35 

100 


40 150 

mV 

AVqs 

Long Term Input Offset 



0.4 



0.5 

pV/Mo 

Mime 

Voltage Stability 








•os 

Input Offset Current 



0.05 

0.25 

0.05 0.35 

nA 

•b 

Input Bias Current 



6 

8 

6 10 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 


0.6 

1.2 

0.6 

mVp-P 


Input Noise Voltage Density 

f 0 = 10Hz (Note 2) 


29 

45 


29 

nV/VHz 



f 0 = 1000Hz (Note 2) 


28 

37 


28 

nV/Vflz 

•n 

Input Noise Current 

0.1Hz tolOHz (Note 2) 


2.3 

4.0 

2.3 | 

pAp-p 


Input Noise Current Density 

f 0 = 10Hz (Note 2) 


0.06 

0.10 


0.06 

pA/VHz 



f 0 = 1000Hz 


0.02 



0.02 

pAK/Hz 


Input Resistance 

(Note 3) 








Differential Mode 


400 

800 


300 

800 

MG 


Common-Mode 



6 



6 

GG 


Input Voltage Range 

i 

3.5 

3.8 


3.5 

3.8 

V 




0 

-0.3 


0 

-0.3 

V 

CMRR 

Common-Mode Rejection 

V C m = 0V to 3.5V 

97 

110 


94 

108 

dB 


Ratio 








PSRR 

Power Supply Rejection 

V s = 2.3V to 12V 

102 

114 


100 

114 

dB 


Ratio 








a vol 

Large Signal Voltage Gain 

V 0 = 0.03V to 4V, No Load 

200 

1000 


150 

1000 

V/mV 



V 0 = 0.03V to 3.5V, R l = 50k 

150 

600 


120 

600 

V/mV 
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LT1078/LT1079 


CLCCTRICRL CHARACTERISTICS V s = 5V, OV, Vcm = 0.1V, Vo = 1.4V, T a = 25°C, unless noted. 





LT1078AM/AC 

LT1078M/C 





LT1079AM/AC 

LT1079M/C 


SYMBOL 

PARAMETER 

CONDITIONS (NOTE 1) 

MIN TYP MAX 

MIN TYP MAX 

UNITS 


Maximum Output Voltage 

Output Low, No Load 

3.5 6 

3.5 6 

mV 


Swing 

Output Low, 2k to GND 

0.55 1.0 

0.55 1.0 

mV 



Output Low, l S(NK = 100 /lA 

95 130 

95 130 

mV 



Output High, No Load 

4.2 4.4 

4.2 4.4 

V 



Output High, 2k to GND 

3.5 3.9 

3.5 3.9 

V 

SR 

Slew Rate 

A v = + 1, V s = ±2.5V 

0.04 0.07 

0.04 0.07 

V/fts 

GBW 

Gain Bandwidth Product 

f 0 < 20kHz 

200 

200 

kHz 

Is 

Supply Current per Amplifier 


38 50 

39 55 

mA 


Channel Separation 

AV (N = 3V, R L = t0k 

130 

130 

dB 


Minimum Supply Voltage 

(Note 4) 

2.2 2.3 

2.2 2.3 

V 


ELECTRICAL CHARACTERISTICS V s = 5V, 0V, V CM = 0.1 V, Vo = 1.4V, - 55 <, C<Ta< 125°C, unless noted. 





LT1078AM/1 079AM 

LT1078M/1079M 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1078 

• 


65 

250 


85 

370 




LT1079 

• 


80 

280 


100 

400 

mV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.4 

1.8 


0.5 

2.5 

/tV/° C 

■os 

Input Offset Current 


• 


0.07 

0.50 


0.07 

0.70 

nA 

•b 

Input Bias Current 


• 


7 

10 


7 

12 

nA 

CMRR 

Common-Mode Rejection 

Ratio 

V CM = 0.05V to 3.2V 

• 

92 

106 


88 

104 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = 3.1V to 12V 

• 

98 

110 


94 

110 


dB 

a vol 

Large Signal Voltage Gain 

V 0 = 0.05V to 4V, No Load 


110 

600 


80 

600 


V/mV 



V 0 = 0.05V to 3.5V, R L = 50k 


80 

400 


60 

400 


V/mV 


Maximum Output Voltage 

Output Low, No Load 

• 


4.5 

8 


4.5 

8 

mV 


Swing 

Output Low, Isink = lOO^tA 

• 


125 

170 


125 

170 

mV 



Output High, No Load 

• 

3.9 

4.2 


3.9 

4.2 


V 



Output High, 2k to GND 

I 

3.0 

3.7 


3.0 

3.7 


V 

■s 

Supply Current per Amplifier 


• 1 


43 

60 


45 

70 

mA 


ELECTRICAL CHRRRCT€RISTICS V s = 5V, 0V, Vcm = O.iv, Vo = 1.4V, 0°C <T A <70°C, unless noted. 





LT1078AC/1079AC 

LT1078C/1079C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

LT1078 

• 


50 

150 


60 

240 

mV 



LT1079 

• 


60 

180 


70 

270 

mV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 



0.4 

1.8 


0.5 

2.5 

mV/ 0 C 

■os 

Input Offset Current 


T 


0.06 

0.35 


0.06 

0.50 

nA 

■b 

Input Bias Current 


• 


6 

9 


6 

11 

nA 

CMRR 

Common-Mode Rejection 

Ratio 

V CM = 0V to 3.4V 


94 

108 


90 

106 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = 2.6V to 12V 

• 

100 

112 

1 

97 

112 


dB 

a vol 

Large Signal Voltage Gain 

V 0 = 0.05V to 4V, No Load 

• 

150 

750 

■ — j 

110 

750 


V/mV 



V 0 = 0.05V to 3.5V, R l = 50K 

• 

110 

500 


80 

500 


V/mV 


Maximum Output Voltage 

Output Low, No Load 

• 


4.0 

7 


4.0 

7 

mV 


Swing 

Output Low, l S | NK = 100/iA 



105 

150 


105 

150 

mV 



Output High, No Load 

• | 

4.1 

4.3 


4.1 

4.3 


V 



Output High, 2k to GND 

• i 

3.3 

3.8 


3.3 

3.8 


V 

■s 

Supply Current per Amplifier 


• 


40 

55 


42 

63 

\ik 
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LT1078/LT1079 


EUCTAICRl CHARACTERISTICS v s = + 15V, Ta = 25°C, unless noted. 


SYMBOL 

PARAMETER 

1 

CONDITIONS 

LT1078AM/AC 
LT1079AM/AC 
MIN TYP 

MAX 

MIN 

LT1078M/C 

LT1079M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



45 

250 


50 

350 

mV 

•os 

Input Offset Current 



0.05 

0.25 


0.05 

0.35 

nA 

•b 

Input Bias Current 



6 

8 


6 

10 

nA 


Input Voltage Range 


13.5 

13.8 


13.5 

13.8 


V 




-15.0 

-15.3 


-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM + 13.5V, -15V 

100 

114 


97 

114 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = 5V, 0Vto± 18V 

102 

114 


100 

114 


dB 

a vol 

Large Signal Voltage Gain 

V o =±10V, R l = 50k 

1000 

5000 


1000 

5000 


V/mV 



V 0 = ± 10V, R L = 2k 

400 

1100 


300 

1100 


V/mV 

V OUT 

Maximum Output Voltage Swing 

R L = 50k 

±13.0 

±14.0 


±13.0 

±14.0 


V 



R L = 2k 

±11.0 

±13.2 


±11.0 

±13.2 


V 

SR 

Slew Rate 


0.06 

0.10 


0.06 

0.10 


V/ji s 

is 

Supply Current per Amplifier 



46 

®_! 


47 

75 

mA 


€l€CTftlCni CHARACTERISTICS Vs= ± 15V, -55°C<TA<125°C,unlessnoted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1078AM/1 079AM 

MIN TYP MAX 

LT1078M/1079M 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 


• 


85 

430 


100 

600 

mV 

A Vos/ AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.4 

1.8 


0.5 

2.5 

nWC 

•os 

Input Offset Current 


• 


0.07 

0.50 


0.07 

0.70 

nA 

•b 

Input Bias Current 


• 


7 

10 


7 

12 

nA 

a vol 

Large Signal Voltage Gain 

V 0 = ± 10 V, R L = 5k 

• 

200 

700 


150 

700 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

Vcm=+ 13V, -14.9V 

• 

94 

110 


90 

110 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 5V, 0V to ± 18V 

• 

98 

110 


94 

110 


dB 


Maximum Output Voltage Swing 

R L =5k 

• 

±11.0 

±13.5 


±11.0 

±13.5 


V 

•s 

Supply Current per Amplifier 


• 


52 

80 


54 

95 

mA 


ELECTRICAL CHARACTERISTICS Vs = ± 1 5V, 0°C < Ta < 70°C, unless noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT 1 078AC/1 079AC 

MIN TYP MAX 

MIN 

LT1078C/1079C 

TYP MAX 

UNITS 

v os 

Input Offset Voltage 


• 


60 

330 


75 

460 

mV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.4 

1.8 


0.5 

2.5 

i<v/°c 

•os 

Input Offset Current 


• 


0.06 

0.35 


0.06 

0.50 

nA 

•b 

Input Bias Current 


• 


6 

9 


6 

11 

nA 

> 

< 

o 

Large Signal Voltage Gain 

V 0 = ± 10V, R L = 5k 

• 

300 

1200 


250 

1200 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V cm = 13V,-15V 

• 

97 

112 


94 

112 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = 5V, 0V to ± 18V 

• 

100 

112 


97 

112 


dB 


Maximum Output Voltage Swing 

R L =5k 


±11.0 

±13.6 


±11.0 

±13.6 


V 

•s 

Supply Current per Amplifier 




49 

J3_j 


50 

85 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 LT1079S (or 100 
LT1078s) typically 240 op amps (or 120) will be better than the indicated 
specification. 

Note 2: This parameter is tested on a sample basis only. All noise 


parameters are tested with V s = ± 2.5V, V 0 = 0V. 

Note 3: This parameter is guaranteed by design and is not tested. 

Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage, The op amps actually work at 1.8V supply but with a typical offset 
skew of - 300/4 V. 

Note 5: This parameter is not 100% tested. 
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SUPPLY CURRENT PER AMPLIFIER (/*A) 


LT1078/LT1079 


TYPICAL P€RFORmARC€ CHARACTCRISTICS 

Input Bias and Offset Currents vs 
Supply Current vs Temperature Temperature 
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Input Bias Current vs 
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IDWIDTH PRODUCT (kHz) SLEW RATE (V/jiS) 


LT1078/LT1079 


TYPICAL P€RFOftmnnC€ CHMMCT€MSTICS 


Voltage Gain vs Frequency 



0.01 0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



10k 30k 100k 300k 1M 

FREQUENCY (Hz) 


Slew Rate, Gain Bandwidth 
Product and Phase Margin vs 
Temperature 


0.12 

0.10 

0.08 

.0.06 

0.04 

240 
220 
200 
180 
I 160 



in 

80 j±j 

CD 

70 Q 
60 CD 

QC 

50 i 
40 S 


z -50 -25 0 25 50 75 100 125 

S TEMPERATURE (°C) 



Large Signal Transient Response 
V S = 5V,0V 


50/tS/DIV 

INPUT PULSE 0V TO 3.8V, A v = + 1 , NO LOAD 


Small Signal Transient Response 
V s = 5V, OV 



10fts/DIV 

A v =+1, C L = 15pF, INPUT 50mV TO 150mV 


Small Signal Transient Response 
V s =± 2.5V 



10ftS/DIV 

A v =+1,C L =15pF 


2-256 


Capacitive Load Handling 



10 100 1000 10,000 
CAPACITIVE LOAD (pF) 


Large Signal Transient Response 
V s = ±15V 



100/iS/DIV 
A v = +1, NO LOAD 


Small Signal Transient Response 
V s = ±15V 



10/*s/DIV 

A y= +1, Cl = 1 5pF 


XTUD55B 








LT1078/LT1079 



/TLITCAB 
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LT1078/LT1079 


TVPICRl P€RFORfflnnC€ CHRRRCTCRISTICS 


Common-Mode Rejection Ratio 
vs Frequency 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
vs Frequency 



0.1 1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Channel Separation vs Frequency 



1 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


APPUCATIOAS lAFOnmATIOfl 

The LT1078/LT1079 devices are fully specified with 
V + =5V, V' =0, Vcm=0.1V. This set of operating condi- 
tions appears to be the most representative for battery 
powered micropower circuits. Offset voltage is internally 
trimmed to a minimum value at these supply voltages. 
When 9V or 3 V batteries or ±2.5 V dual supplies are used, 
bias and offset current changes will be minimal. Offset 
voltage changes will be just a few microvolts as given by 
the PSRR and CMRR specifications. For example, if 
PSRR = 114dB (=2 iNN), at 9V the offset voltage change 
will be 8pV. Similarly, Vs = ± 2.5V, Vcm =0 is equivalent to a 
common-mode voltage change of 2.4V or a Vos change of 
7/tV if CMRR = IIOdB (3/iV/V). 

A full set of specifications is also provided at ± 15V sup- 
ply voltages for comparison with other devices and for 
completeness. 

Single Supply Operation 

The LT1078/LT1079 are fully specified for single supply 
operation, i.e., when the negative supply is OV. Input com- 
mon-mode range goes below ground and the output 
swings within a few millivolts of ground while sinking cur- 
rent. All competing micropower op amps either cannot 
swing to within 600mV of ground (OP-20, OP-220, OP-420) 


or need a pull down resistor connected to the output to 
swing to ground (OP-90, OP-290, OP-490, HA5141/42/44). 
This difference is critical because in many applications 
these competing devices cannot be operated as micro- 
power op amps and swing to ground simultaneously. 

As an example, consider the instrumentation amplifier 
shown on the front page. When the common-mode signal 
is low and the output is high, amplifier A has to sink 
current. When the common-mode signal is high and the 
output low, amplifier B has to sink current. The competing 
devices require a 12k pull down resistor at the output of 
amplifier A and a 15k at the output of B to handle the 
specified signals. (The LT1078 does not need pull down re- 
sistors.) When the common-mode input is high and the 
output is high these pull down resistors draw 300/tA (150/tA 
each), which is excessive for micropower applications. 

The instrumentation amplifier is by no means the only ap- 
plication requiring current sinking capability. In 7 of the 9 
single supply applications shown in this data sheet the op 
amps have to be able to sink current. In two of the applica- 
tions the first amplifier has to sink only the 6nA input bias 
current of the second op amp. The competing devices, 
however, cannot even sink 6nA without a pull down 
resistor. 


2-258 


XTtffiS 







LT1078/LT1079 


Applications inFOftmnnofl 


Since the output of the LT1078/LT1079 cannot go exactly 
to ground, but can only approach ground to within a few 
millivolts, care should be exercised to ensure that the out- 
put is not saturated. For example, a 1 mV input signal will 
cause the amplifier to set up in its linear region in the gain 
100 configuration shown below, but is not enough to make 
the amplifier function properly in the voltage follower 
mode. 

Gain 100 Amplifier 


100mV 




Single supply operation can also create difficulties at the 
input. The driving signal can fall below OV-inadvertently 


or on a transient basis. If the input is more than a few hun- 
dred millivolts below ground, two distinct problems can 
occur on previous single supply designs, such as the 
LM124, LM158, OP-20, OP-21, OP-220, OP-221, OP-420 
(a and b), OP-90/290/490 (b only): 

a) When the input is more than a diode drop below ground, 
unlimited current will flow from the substrate (V~ 
terminal) to the input. This can destroy the unit. On the 
LT1078/LT1079, resistors in series with the input protect 
the devices even when the input is 5 V below ground. 

b) When the input is more than 400mV below ground (at 
25°C), the input stage saturates and phase reversal occurs 
at the output. This can cause lock-up in servo systems. 
Due to a unique phase reversal protection circuitry, the 
LT1078/LT1079’s output does not reverse, as illustrated 
below, even when the inputs are at - 1.0V. 


Voltage Follower with Input Exceeding the Negative Common-Mode Range (Vs = 5V, 0V) 


4V 


4V 


4V 


2V 


2 V 


2 V 


0 


0 


O 


Ims/DIV 


Ims/DIV 


Ims/DIV 


6Vp-p INPUT, -1.0 TO +5.0V 


OP-90 EXHIBITS OUTPUT 
PHASE REVERSAL 


LT 1 078/ LT 1 079 
NO PHASE REVERSAL 





Comparator Applications 

The single supply operation of the LT1078/1079 and its 
ability to swing close to ground while sinking current 


Comparator Rise Response Time 
to lOmV, 5mV, 2mV Overdrives 



V S =5V, 0V 2(%S/DIV 


lends itself to use as a precision comparator with TTL 
compatible output. 

Comparator Fall Response Time 
to lOmV, 5mV, 2mV Overdrives 



V S =5V, OV 200^/DIV 
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Matching Specifications 

In many applications the performance of a system 
depends on the matching between two op amps, rather 
than the individual characteristics of the two devices. The 
two and three op amp instrumentation amplifier configura- 
tions shown in this data sheet are examples. Matching 
characteristics are not 100% tested on the LT1078/79. 


Some specifications are guaranteed by definition. For 
example, 70/iV maximum offset voltage implies that mis- 
match cannot be more than 140/tV. 97dB (= 14^V/V) CMRR 
means that worst case CMRR match is 91dB (=28/t V/V). 
However, the following table can be used to estimate the 
expected matching performance at Vs = 5V, 0V between 
the two sides of the LT1078, and between amplifiers A and 
D, and between amplifiers B and C of the LT1079. 


PARAMETER 

LT1078AM/AC 

LT1079AM/AC 

LT1078M/C 

LT1079M/C 

UNITS 

50% YIELD 

98% YIELD 

50% YIELD 

98% YIELD 

Vos Match, AVqs 

LT1078 

30 

110 

50 

190 


LT1079 

40 

150 

50 

250 

Temperature Coefficient AVqs 

0.5 

1.2 

0.6 

1.8 

mV/°C 

Average Non-Inverting l B 

6 

8 

6 

10 

nA 

Match of Non-Inverting l B 

0.12 

0.4 

0.15 

0.5 

nA 

CMRR Match 

120 

100 

117 

97 

dB 

PSRR Match 

117 

105 

117 

102 

~dB 


TYPICAL APPLICATION 


Platinum RTD Signal Conditioner with Curvature Correction 


3 V (LITHIUM) 



R P =ROSEMOUNT 118MF 
**=TRW MAR-6 0.1% 
*=1% METAL FILM 



VF 



1.21M* 

(SELECT AT 110°C) 
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Micropower, 10ppm/°C, ±5V Reference 


Gain of 10 Difference Amplifier 




OUTPUT 

" 0 0035 TO 2.4V 


OUTPUT OFFSET =0 7mV 
OUTPUT NOISE =80f*V p p (0.1Hz TO 10Hz) 

260^V RMS OVER FULL BANDWIDTH 


THE LT1078 CONTRIBUTES LESS THAN 3% OF THE TOTAL OUTPUT NOISE AND 
DRIFT WITH TIME AND TEMPERATURE. THE ACCURACY OF THE -5V OUTPUT 
DEPENDS ON THE MATCHING OF THE TWO 1M RESISTORS. 


THE USEFULNESS OF DIFFERENCE AMPLIFIERS IS LIMITED BY THE FACT THAT 
THE INPUT RESISTANCE IS EQUAL TO THE SOURCE RESISTANCE THE PICO- 
AMPERE OFFSET CURRENT AND LOW CURRENT NOISE OF THE LT1078 AL- 
LOWS THE USE OF 1MQ SOURCE RESISTORS WITHOUT DEGRADATION IN 
PERFORMANCE. IN ADDITION, WITH MEGAOHM RESISTORS MICROPOWER 
OPERATION CAN BE MAINTAINED. 


Picoampere Input Current, Triple Op Amp Instrumentation Amplifier with Bias Current Cancellation 



rruimi 

TECHNOLOGY 
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TYPICAL APPLICATION 


+ 85V, - 100V Common Mode 
Range Instrumentation Amplifier 
(A V =10) 

Half-Wave Rectifier 



INPUT RESISTANCE = 10Mfl 


2M 



Absolute Value Circuit (Full-Wave Rectifier) 

200k 



VoMll\l=4mV 
NO DISTORTION TO 100Hz 


Programmable Gain Amplifier (Single Supply) 


1.11k 10k 100k 1M 
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Single Supply, Micropower, Second Order Low Pass Filter with 60Hz Notch 


0.02/iF 



OUTPUT 

TYPICAL OFFSET 
*600 n\l 


Micropower Multiplier/Divider 



Q1-Q4 = MAT— 04 

OUTPUT = t x MY) t POSITIVE INPUTS ONLY 


NEGATIVE SUPPLY CURRENT =165/iA+ X ±. Y^± O UI . 

POSITIVE SUPPLY CURRENT = 165/iA+ ^ 

BANDWIDTH (<3V pp SIGNAL): X AND Y INPUTS = 10kHz 
Z INPUT =4kHz 


rrimm 

jmbmJ TECHNOLOGY 
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TYPICAL APPLICATIOflS 



Micropower Dead Zone Generator 

l 1 

JJT* 

qS— - 

V SET 

DEAD ZONE 

, NrUT n 2^ 


1 CONTROL INPUT 

J 0.4V TO 5V 

a Q 1 

1 Q3 

K BIP0UR SYMMETRY IS EXCELLENT 

BHhBm-- 

1 

I 470k BECAUSE ONE DEVICE, Q2, SETS BOTH LIMITS 

1 AAA OIIDDI V ri IDDCMT~0/ir\..A 


*1% FILM 

** RATIO MATCH 0.05% 

Q2, 3, 4, 5 CA 3096 TRANSISTOR ARRAY 


Lead Acid Low Battery Detector with System Shutdown 


£ 2M < 910k 
>1% >5% 


-LO = BATTERY LOW 
(IF V s < 10.90V) 


ik < 280k 

i >1% 


t/UTWS >^—L0 =SYSTEM SHUTDOWN 
(IF V s < 10.05V) 


TOTAL SUPPLY CURRENT « 105*iA 
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PACKAGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

H Package 

8 Lead TO-5 Metal Can 




J Package 
14 Lead Ceramic DIP 


N Package 
14 Lead Plastic DIP 
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TECHNOLOGY i 7#tA Max, Dual and Quad, 

Single Supply, Precision Op Amps 


F€ATUA€S 

■ 17/iA Max Supply Current per Amplifier 

■ 70/tV Max Offset Voltage 

■ 250pA Max Offset Current 

■ 5nA Max Input Bias Current 

■ 0.9/jVp-p 0.1 Hz to 10Hz Voltage Noise 

■ 1.5pAp-p O.IHztolOHz Current Noise 

■ 0.5/iV/°C Offset Voltage Drift 

■ 85kHz Gain-Bandwidth-Product 

■ 0.04V//is Slew Rate 

■ Single Supply Operation 

Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull Down Resistors are Needed 

■ Output Sources and Sinks 5mA Load Current 

APPUCATIOAS 

■ Battery or Solar Powered Systems 

Portable Instrumentation 
Remote Sensor Amplifier 
Satellite Circuitry 

■ Micropower Sample and Hold 

■ Thermocouple Amplifier 

■ Micropower Filters 


DCSCRIPTIOn 

The LT1178 is a micropower dual op amp in the standard 
8-pin configuration; the LT1179 is a micropower quad op 
amp offered in the standard 14-pin packages. Both devices 
are optimized for single supply operation at 5 V. Specifica- 
tions are also provided at ± 15V supplies. 

The extremely low supply current is combined with true 
precision specifications: offset voltage is 3 (tyV, offset cur- 
rent is 50pA. Both offset parameters have low drift with 
temperature. The 1.5pAp-p current noise and picoampere 
offset current permit the use of megaohm level source re- 
sistors without introducing serious errors. Voltage noise, 
at (UfyVp-p, is remarkably low considering the low supply 
current. 

Both the LT1 1 78 and LT1 179 can be operated from a single 
supply (as low as one lithium cell or two Ni-cad batteries). 
The input range goes below ground. The all-NPN output 
stage swings to within a few millivolts of ground while 
sinking current — no power consuming pull down resistors 
are needed. 

For applications where three times higher supply current 
is acceptable, the micropower LT1078 dual and LT1079 
quad are recommended. The LT1078/79 have significantly 
higher bandwidth, slew rate; lower voltage noise and bet- 
ter output drive capability. 


Self-Buffered, Dual Output, Micropower Reference 



TEMPERATURE COEFFICIENT = 20ppm/°C 

LOAD REGULATION = 25ppm/mA, l L <5mA, V+>5V 
LINE REGULATION = 10ppm/V 


Supply Current vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C ) 





LT1178/LT1179 


absolute maximum ratiags 


PACKAGE/ORDER IRFORRIRTIOR 


Supply Voltage ±22V 

Differential Input Voltage ±30V 

Input Voltage Equal to Positive Supply Voltage 

5V Below Negative Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1 1 78AM/LT 1 1 78M/ 

LT1 1 79AM/LT 1 1 79M -55°Cto 125°C 

LT1 1 78 AC/LT 1 1 780/ 

LT1 1 79 AC/LT 1 1 79C 0°Cto70°C 

Storage Temperature Range 

All Grades -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 

v + 



v- (CASE) 

H PACKAGE 

8-LEAD TO-5 METAL CAN 


ORDER PART 
NUMBER 


LT1178AMH 

LT1178MH 

LT1178ACH 

LT1178CH 


TOP VIEW 



J PACKAGE N PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 


TOP VIEW 


LT1178AMJ8 

LT1178MJ8 

LT1178ACJ8 

LT1178CJ8 

LT1178ACN8 

LT1178CN8 


OUTPUT A J7 • 
-IN a|T- 
+ IN A [T ■ 

v + [T 

+ IN B[?- 
-IN B[?- 
OUTPUT B [7 ■ 


TjJ OUTPUT D 
13j —IN D 
JU + IN D 

7i] v- 
ToJ+in c 
TJ-inc 

7] OUTPUT C 


LT1179AMJ 

LT1179MJ 

LT1179ACJ 

LT1179CJ 

LT1179ACN 

LT1179CN 


J PACKAGE N PACKAGE 

14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 


ELECTRICAL CHARACTERISTICS Vs =5V, OV, V CM = 0.1V, Vo = 1.4V, T A = 25°C, unless noted. 


SYMBOL 

PARAMETER 

CONDITIONS (NOTE 1) 

LT1178AM/AC 

LT1179AM/AC 

MIN TYP MAX 

MIN 

LT1178M/C 

LT1179M/C 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

LT1178 


30 

70 


40 120 

pV 



LT1179 


35 

100 


40 150 


AVqs 

Long Term Input Offset 



0.5 



0.6 

ptV/Mo 

ATime 

Voltage Stability 








•os 

Input Offset Current 



0.05 

0.25 

0.05 0.35 

nA 

•b 

Input Bias Current 



3 

5 

3 6 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 2) 


0.9 

2.0 

0.9 

Wp-p 


Input Noise Voltage Density 

f 0 = 10Hz (Note 2) 


50 

75 


50 

nV/VFTz 



f 0 = 1000Hz (Note 2) 


49 

65 


49 

nV/VHz 

*n 

Input Noise Current 

0.1 Hz to 10Hz (Note 2) 


1.5 

2.5 

1.5 ! 

pAp-p 


Input Noise Current Density 

f 0 = 10Hz (Note 2) 


0.03 

0.07 


0.03 

pA/ViTz 



f 0 = 1000Hz 


0.01 



0.01 

pA/v'Hz 


Input Resistance 

(Note 3) 








Differential Mode 


0.8 

2.0 


0.6 

2.0 

GO 


Common-Mode 



12 



12 

GO 


Input Voltage Range 


3.5 

3.9 


3.5 

3.9 

V 




0 

-0.3 


0 

-0.3 

V 

CMRR 

Common-Mode Rejection 

V C m = 0V to 3.5V 

93 

103 


90 

102 

dB 


Ratio 








PSRR 

Power Supply Rejection 

V s = 2.2V to 12V 

94 

104 


92 

104 

dB 


Ratio 








> 

§ 

Large Signal Voltage Gain 

V 0 = 0.03V to 4V, No Load (Note 3) 

140 

700 


110 

700 

V/mV 



V 0 = 0.03 V to 3.5 V, R l = 50k 

80 

200 


70 

200 

V/mV 
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ELECTRICAL CHARACTERISTICS V s = 5V, OV, Vcm = 0.1 V, V 0 = 1.4V, Ta = 25°C, unless noted. 


SYMBOL 

PARAMETER 

! 

CONDITIONS (NOTE 1) 

LT1178AM/AC 

LT1179AM/AC 

MIN TYP MAX 

LT1178M/C 

LT1179M/C 

MIN TYP MAX 

UNITS 


Maximum Output Voltage 

Output Low, No Load 

6.5 9 

6.5 9 

mV 


Swing 

Output Low, 2k toGND 

0.2 0.6 

0.2 0.6 

mV 



Output Low, I S ink = 100/xA 

120 160 

120 160 

mV 



Output High, No Load 

4.2 4.4 

4.2 4.4 

V 



Output High, 2k toGND 

3.5 3.8 

3.5 3.8 

V 

SR 

Slew Rate 

A v = + 1 , C L = 1 0pF (Note 3) 

0.013 0.025 

0.013 0.025 

VlfiB 

GBW 

Gain Bandwidth Product 

f 0 <5kHz 

60 

60 

kHz 

>s 

Supply Current per Amplifier 


13 18 

14 21 

m a 



V s =±1.5V,V o = 0V 

12 17 

13 20 

M A 


Channel Separation 

AV| N = 3V, R l = 10k 

130 

130 

dB 


Minimum Supply Voltage 

(Note 4) 

2.0 2.2 

2.0 2.2 

V 


ELECTRICAL CHARACTERISTICS Vs = 5V, 0V, Vcm = 0.1V, Vo = 1.4V, - 55°C<Ta< 125°C, unless noted. 





LT1178AM/1179AM 

LT1178M/1179M 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

LT1178 

• 


80 

290 


100 

420 




LT 1179 

• 


90 

320 


110 

450 

mV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.5 

2.2 


0.6 

3.0 

#M°C 

•os 

Input Offset Current 


• 


0.07 

0.50 


0.07 

0.70 

nA 

•b 

Input Bias Current 


• 


4 

7 


4 

8 

nA 

CMRR 

Common-Mode Rejection 

Ratio 

V CM = 0.05V to 3.2V 

• 

87 

100 


84 

98 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = 3.0V to 12V 

• 

88 

100 


86 

100 


dB 

A VOL 

Large Signal Voltage Gain 

V 0 = 0.05V to 4V, No Load (Note 3) 

• 

70 

350 


55 

350 


V/mV 



V 0 = 0.05V to 3.5V, R l = 50k 

• 

40 

130 


35 

130 


V/mV 


Maximum Output Voltage 

Output Low, No Load 

• 


9 

13 


9 

13 

mV 


Swing 

Output Low, I S ink=100/iA 

• 


160 

220 


160 

220 

mV 



Output High, No Load 

• 

3.9 

4.2 


3.9 

4.2 

1 

V 



Output High, 2k toGND 

• 

3.0 

3.7 


3.0 

3.7 


V 

•s 

Supply Current per Amplifier 


• 


14 

23 


15 

27 

/aA 


ELECTRICAL CHARACTERISTICS V s = 5V, 0V, Vcm = 0.1 V, V 0 = 1.4V, 0°C<Ta< 70°C, unless noted. 





LT1 1 78 AC/1 1 79 AC 

LT1178C/1179C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

LT1178 

• 


50 

170 


65 

250 

mV 



LT1179 

• 


60 

200 


70 

290 

eV 

A Vos/ AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.5 

2.2 


0.6 

3.0 

*aV/° C 

•os 

Input Offset Current 


• 


0.06 

0.35 


0.06 

0.50 

nA 

*B 

Input Bias Current 


• 


3 

6 


3 

7 

nA 

CMRR 

Common-Mode Rejection 

Ratio 

V CM = 0V to 3.4V 

• 

90 

101 


86 

100 


dB 

PSRR 

Power Supply Rejection 

Ratio 

V s = 2.5 V to 12V 

• 

90 

102 


88 

102 


dB 

a vol 

Large Signal Voltage Gain 

V 0 = 0.05V to 4V, No Load (Note 3) 

• 

105 

500 

i 

80 

500 


V/mV 



V 0 = 0.05V to 3.5V, R L = 50K 

• 

55 

160 


45 

160 


V/mV 


Maximum Output Voltage 

Output Low, No Load 

• 


8 

ii 


8 

11 

mV 


Swing 

Output Low, Isink= IOO/aA 

• 


140 

190 


140 

190 

mV 



Output High, No Load 

• 

4.1 

4.3 


4.1 

4.3 


V 



Output High, 2k toGND 

• 

3.3 

3.8 


3.3 

3.8 


V 

•s 

Supply Current per Amplifier 


• 


14 

21 


15 

24 

|aA 





LT1178/LT1179 


ELECTRICAL CHARACTERISTICS Vs= ±15 V,Ta=25 ,> C, unless noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1178AM/AC 
LT1 1 79 AM/AC 
MIN TYP 

MAX 

MIN 

LT1178M/C 

LT1179M/C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 



80 

350 


100 

480 

mV 

■os 

Input Offset Current 



0.05 

0.25 


0.05 

0.35 

nA 

•b 

Input Bias Current 



3 

5 


3 

6 

nA 


Input Voltage Range 


13.5 

13.9 


13.5 

13.9 


V 




-15.0 

-15.3 


-15.0 

-15.3 


V 

CMRR 

Common-Mode Rejection Ratio 

V CM + 13.5V, -15V 

97 

106 


94 

106 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = 5V, 0V to ± 18V 

96 

112 


94 

112 


dB 

Avol 

Large Signal Voltage Gain 

V o =±10V, R L = 50k 

300 

1200 


250 

1000 


V/mV 



V 0 = ± 10V, No Load 

600 

2500 


400 

2500 


V/m V 

V OUT 

Maximum Output Voltage Swing 

R l = 50k 

±13.0 

±14.2 


±13.0 

±14.2 


V 



R l = 2k 

±11.0 

±12.7 


±11.0 

±12.7 


V 

SR 

Slew Rate 

Ay= + 1 

0.02 

0.04 


0.02 

0.04 


V//iS 

GBW 

Gain Bandwidth Product 

f 0 <5kHz 

I 85 

! 85 | 

kHz 

Is 

Supply Current per Amplifier 



16 



17 

25 | 

mA 


ELECTRICAL CHARACTERISTICS V S = ±15V, -55°C<Ta< 125°C, unless noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1178AM/1 179 AM 

MIN TYP MAX 

LT1178M/1179M 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 


• 


140 

630 


170 

880 

v.\l 

AVqs/AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.6 

2.8 


0.7 

4.0 

/tV/°C 

■os 

Input Offset Current 


• 


0.07 

0.50 


0.07 

0.70 

nA 

■b 

Input Bias Current 


• 


4 

7 


4 

8 

nA 

a vol 

Large Signal Voltage Gain 

V 0 = ± 10V, R L = 50k 

• 

120 

500 


100 

500 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V C M= +13V, -14.9V 

• 

92 

103 


88 

103 


dB 

PSRR 

Power Supply Rejection Ratio 

V S = 5V, OVto ± 18V 

• 

91 

109 


88 

109 


dB 


Maximum Output Voltage Swing 

R|_ = 5k 

• 

±11.0 

±13.5 


±11.0 

±13.5 


V 

■s 

Supply Current per Amplifier 

i 

• 


18 

26 


19 

30 

oA 


€L€CTRICRL CHARACTERISTICS v s = ±15V,0°C<Ta^ 70°C, unless noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 1 78AC/1 1 79AC 

MIN TYP MAX 

MIN 

LT1178C/1179C 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 


100 

480 


130 

660 

eV 

iV os /AT 

Input Offset Voltage Drift 

(Note 5) 

• 


0.6 

2.8 


0.7 

4.0 

nW c 

•os 

Input Offset Current 


• 


0.06 

0.35 


0.06 

0.35 

nA 

•b 

Input Bias Current 


• 


3 

6 


3 

7 

nA 

Avol 

Large Signal Voltage Gain 

V 0 = ± 10V, R l = 50k 

• 

200 

800 


150 

750 


V/mV 

CMRR 

Common-Mode Rejection Ratio 

V cm = 13V, -15V 

• 

94 

104 


91 

104 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 5V,0Vto ± 18V 

• 

93 

110 


91 

110 


dB 


Maximum Output Voltage Swing 

R L = 5k 

• 

±11.0 

±13.6 


±11.0 

±13.6 


V 

■s 

Supply Current per Amplifier 


• 


17 

24 


18 

28 

l-A 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Typical parameters are defined as the 60% yield of parameter 
distributions of individual amplifiers; i.e., out of 100 LT1 1 79s (or 100 
LT 1 1 78s) typically 240 op amps (or 120) will be better than the indicated 
specification. 

Note 2: This parameter is tested on a sample basis only. All noise 


parameters are tested with V s = ± 2.5V, V 0 = 0V. 

Note 3: This parameter is guaranteed by design and is not tested. 

Note 4: Power supply rejection ratio is measured at the minimum supply 
voltage. The op amps actually work at 1 .7V supply but with a typical offset 
skew of - 300/iV. 

Note 5: This parameter is not 100% tested. 
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/TLintAE 

TECHNOLOGY 


LF155A/355A/155/355 
LF156A/356A/156/356 

JFET-Input Operational Amplifiers 
Low Supply Current (LF155) 
High Speed (LF156) 


F€ATUR€S 

■ Guaranteed Offset Voltage Drift on All Grades 

■ Guaranteed Slew Rate on All Grades 

■ Guaranteed Low Input Offset Current lOpA Max. 

■ Guaranteed Low Input Bias Current 50pA Max. 

■ Guaranteed High Slew Rate (156A/356A) lOV/jtS Min. 

■ Fast Settling to 0.01 % 1 ,5/tS 


APPUCRTIOAS 

■ Output Amplifiers for D/A Converters 

■ Fast Sample and Hold Circuits 

■ High Speed Integrators 

■ Photocell Amplifiers 

■ High Input Impedance Buffers 


DCSCRIPTIOR 

Linear Technology’s LF155/156 series features several 
improvements compared to similar types from other man- 
ufacturers: offset voltage drift with temperature and slew 
rate are guaranteed on all grades, not just on the more 
expensive “A” grades. Other specifications such as volt- 
age gain and high temperature bias and offset currents 
are also improved. 

The industry standard LF155/156 devices exhibit phase 
reversal at the output when the negative common-mode 
limit at the input is exceeded (i.e., from -12V to -15V 
with ±15V supplies). This can cause lock-up in servo 
systems. As shown below, Linear Technology ’s LF1 55/ 1 56 
does not have this problem due to unique phase reversal 
protection circuitry. For applications requiring higher per- 
formance, see the LT1055 and LT1056 data sheets. 


Voltage Follower with Input Exceeding the Negative 
Common-Mode Range 



INPUT 

10V/DIV 

0.5ms/DIV 



OUTPUT 

STANDARD 

155/156 

10V/DIV 



OUTPUT 
LINEAR TECH 
155/156 
10V/ DIV 
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LF155A/355A/155/355 

LF156A/356A/156/356 


absolute mnximum nnnnGs 


Supply Voltage 
LF155A/ 155/355A, 

LF156A/156/356A ±22 V 

LF355/356 ±18V 

Differential Input Voltage 

LF155A/155/156A/156 ±40V 

LF355A/ 355/ 356A/ 356 ±30V 

Input Voltage (Note 1) 

LF155A/155/156A/156 ±20V 

LF355A / 355 / 356A / 356 ±16V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LF155A/155/156A/156 -55°Cto125°C 

LF355A/355/356A/356 0°Cto70°C 

Maximum Junction Temperature 

LF155A/155/156A/156 150°C 

LF355A/ 355/356A/ 356 100°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PflCKAG€/ORD€R inFORmATion 



TOP VIEW 


ORDER PART NUMBER 





N/C 



bal( 


> v+ 


-»n(£ 


OUT 

LF155H LF156H 

J 

LF155AH LF156AH 

+ IN 1 


) BAL 

LF355H LF356H 


V- 


LF355AH LF356AH 


H PACKAGE 
METAL CAN 




TOP VIEW 



bal[7 


J)n/c 

LF355N8 LF356N8 

— IN [2^ 

+in[T 


7]v+ 

J|out 

LF355AN8 LF356AN8 



T]bal 



N8 PACKAGE 

8 PIN PLASTIC 


V os is adjusted with a 20k or 50k 
potentiometer between the balance 
terminals. The wiper is tied to V + 


ELECTRICAL CHARACTERISTICS (Note 2) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF155A/156A 

LF355A/356A 

MIN TYP MAX 

LF155/156 

MIN TYP MAX 

LF355/356 

MIN TYP MAX 

UNITS 

v os 

Input Offset 

T a = 25°C 


1 2 

2 - 3.5 : 

3 6 

mV 


Voltage 

Over Temperature 

• 

2.5 

4.6 

9 

mV 



355A/356A 

• 

2.3 



mV 

AVqs 

Average TC of 

Rs = 500 

• 

3 5 

5 ; ts 

5 3 25 

^V/°C 

AT 

Input Offset 




■ 




Voltage 








Change in 

R s = 500 (Note 4) 

• 

0.5 

0.5 

0.5 

ifl/°C 


Average TC with 






per mV 


V os Adjust 







'os 

Input Offset 

Tj = 25°C (Note 3) 


3 10 

3 20 

3 50 

PA 


Current 

Tj<125°C 

• 


9 

"''T' 

nA 



Tj<70°C 

• 


.f-' 

•Vo: | 

nA 

'b 

Input Bias 

Tj = 25°C (Note 3) 


30 50 

30 100 

30 200 

PA 


Current 

Tj<125°C 

• 




nA 



Tj<70°C 

• 


L y ";: AS3® Sfik < K"i \ 

aKBL 1 

nA 

Rin 

Input 

Tj = 25°C 


10 12 

10 12 

10 12 

O 


Resistance 







a vol 

Large Signal 

V S =±15V,T A = 25°C, 


&§• 

cn 

ro 

0 

0 

50 200 

' m 200 

V/mV 


Voltage 

V 0 =±10V, R L = 2k 


IP1I 





Gain 

Over Temperature 

• 

30 

25 


V/mV 


2-272 


XTUOS38 







LF155A/355A/155/355 

LF156A/356A/156/356 


€L€CTRICf)L CHARACTERISTICS (Note 2) 






LF155A/156A 


LF155/156 


LF355/356 



SYMBOL 

PARAMETER 

CONDITIONS 


Lh JbbA/ 3bbA 






UNITS 





MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 


Vo 

Output 

V S =±15V, R L = 10k 

• 

±12 

±13 


±12 

±13 


±12 

±13 


V 


Voltage 

V S =±15V, R L = 2k 

• 

±10 

±12 


±10 

±12 


±10 

±12 


V 


Swing 












V CM 

Input 














Common-Mode 

V S =±15V 

• 

±11 

+ 15.1 


±11 

+ 15.1 


±10 

±15.1 


V 


Voltage Range 



-12 



-12 



-12 



CMRR 

Common-Mode 


• 

.85 

100 


85 

100 


80 

100 


dB 


Rejection Ratio 













PSRR 

Supply Voltage 

V s = ± 10V to ±18V 

• 

85 

100 


85 

100 


— 

— 


dB 


Rejection Ratio 

V s = ±10V to ± 15V 

• 


- 



- 


80 

100 


dB 

■s 

Supply Current 

T A = 25°C, V s = ± 15V 
LF155/355 Series 



2 

4 


2 

4 


2 

4 

mA 



LF156/356 Series 



5 

7 


5 

7 


5 

10 

mA 



LF356A 



: r 



- 

- 


- 

- 

mA 

SR 

Slew Rate 

A v = +1 

T A = 25°C, V s = ± 15V 
LF155/355 Series 


* 



-4': 

.V j, ...... 



.. 6 


y/ns 



LF1 56/356 Series 


10 

12 


9 

- .12 


. 4 >: 

. n , 


V/ fj,S 

GBW 

Gain Bandwidth 

T a = 25°C, V s = ± 15V 













Product 

LF1 55/355 Series 


— 

2.5 



2.5 



2.5 


MHz 



LF1 56/356 Series 


4 

5 



5 



5 


MHz 

ts 

Settling Time 

T a = 25°C, V s = ± 15V 













to 0.01% 

LF155 Series (Note 5) 



4 



4 



4 


IAS 



LF156 Series 



1.5 



1.5 



1.5 


fiS 

e n 

Input Noise 

Voltage 

Density 

T a = 25°C, V s = ± 15V 
f = 1 00Hz 

LF155 Series 



25 



25 



25 


nV/VRz 


LF156 Series 



15 



15 



15 


nV/VHz 



f= 1000Hz 

LF155 Series 



20 



20 



20 


nV/VHz 



LF156 Series 



12 



12 



12 


nV/VRz 

in 

Input Noise 

T a = 25°C, V s = ± 15V 











pA/VHz 


Current 

f= 100Hz 



0.01 



0.01 



0.01 



Density 

f= 1000Hz 



0.01 



0.01 



0.01 


pA/VHz 

C|N 

Input 


• 

! 

3 



3 



3 


PF 


Capacitance 














The • denotes the specifications which apply over the full operating 
temperature range. The shaded electrical specifications indicate those 
parameters which have been improved or guaranteed test limits provided 
for the first time. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply voltage. 

Note 2: Unless otherwise stated, these test conditions apply: 



LF155A/156A 

LF1 55/156 

LF355A/356A 

LF355/356 

Supply Voltage, Vs 

±15V<V S < ±20V 

±15V<Vs< ±18V 

Vs=±15V 

t A 

0 

+ 

VI 

VI 

0 

7 

0°C<T a <+70°C 

0°C<T a < +70°C 


and V os , l B and l os are measured at V CM = 0. 


Note 3: The input bias currents are junction leakage currents which 
approximately double for every 10°C increase in the junction 
temperature, T r Due to limited production test time, the input bias cur- 
rents measured are correlated to junction temperature. In normal opera- 
tion the junction temperature rises above the ambient temperature as a 
result of internal power dissipation, P D . Tj=T A + e JA P D where 0 JA is 
the thermal resistance from junction to ambient. Use of a heat sink is 
recommended if input bias current is to be kept to a minimum. 

Note 4: The temperature coefficient of the adjusted input offset voltage 
changes only a small amount (0.5/A//°C typically) for each mV of adjust- 
ment from its original unadjusted value. Common-mode rejection and 
open loop voltage gain are also unaffected by offset adjustment. 

Note 5: Settling time is defined here for a unity gain inverter connection 
using 2kfi resistors. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within 
0.01 % of its final value from the time a 10V step input is applied to the 
inverter. 
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SUPPLY CURRENT (mA) VOLTAGE GAIN (dB) 


LF155A/355A/155/355 

LF156A/356A/156/356 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Gain, Phase vs Frequency Inverter Settling Time 



o i o.: 

31 3 10 30 

100 

0.1 1.0 

10 


FREQUENCY (MHz) 


SETTLING TIME (/ts) 



Normalized Slew Rate vs 
Temperature 

1 4 

1.2 

1.0 

0.8 

0.6 

-75 -25 25 75 125 

TEMPERATURE (°C) 



Supply Current vs LF156 Large Signal LF156 Small Signal 

Temperature Response Response 



-75 -25 25 75 125 A v = +1, C L =100pF, 1^/DIV A v = +1, C L =100pF, 0.2/iSEC/DIV 

TEMPERATURE (°C) 


PACKAGE D6SCRIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 

H Package Metal Can N8 Package 8 Lead Plastic 
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TECHNOLOGY Dual Precision JFET Input 


Operational Amplifiers 


F€ATUR€S 


DCSCRIPTIOR 


■ Internally Trimmed Offset Voltage 

■ Offset Voltage Drift 

■ High Slew Rate 

■ Wide Bandwidth 

■ Low Supply Current per Amplifier 

■ Low Input Bias Current 

■ Standard 8-Pin Configuration 

■ All Packages Available: 


1 mV Max. 
1(fyV/ 0 C Max. 
IOV// 1 S Min. 
3.5MHz Min. 
1.8mA Typ. 
lOpATyp. 


Linear Technology’s LF412A and OP-215 series of dual 
JFET input op amps feature several improvements com- 
pared to similar types from other manufacturers. 

Both devices have lower input bias and offset currents 
over the entire temperature range, and are available in all 
standard 8-pin packages. 


Metal Can 
Hermetic DIP 
Plastic DIP 


In addition, Linear’s LF412A has lower voltage noise and 
higher voltage gain. Linear’s OP-215 supply currents are 
nearly halved. 



APPUCATIOAS Please see the LT1057/LT1058 data sheet for applications 

requiring higher performance. The LT1057 is a pin com- 

■ Sample and Hold Amplifiers patible JFET input dual, the LT1058 is a JFET input quad 

■ Output Amplifier for Dual Current Output DACs op amp in the standard 14-pin DIP configuration. 

■ High Speed Integrators 

■ Photocell Amplifiers 

■ High Input Impedance Instrumentation Amplifiers 



ITSWt 
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LF412A/OP-215 


absolute mnximum ratiags package/order mFonmnnon 


Supply Voltage 

LF412AM/AC, OP-21 5A/E ±22V 

LF412M/C, OP-215C/G ± 18V 

Internal Power Dissipation 670mW 

Operating Temperature Range 

LF412AM/M, OP-215A/C - 55°C to 125°C 

LF412AC/C, OP-21 5E/G 0°Cto70°C 

Differential Input Voltage 

LF412AM/AC, OP-215A/E ±40V 

LF412M/C, OP-215C/G ±30V 

Input Voltage (Note A) 

LF412AM/AC, OP-215A/E ±20V 

LF412M/C, OP-21 5C/G ±16V 

Output Short Circuit Duration Indefinite 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note A: Maximum negative input voltage is equal to the negative supply 
voltage. 



CM Cf Till fill rilOAArT£filCTI^C V$ = ±20VforLF412A,Vs= ± 15V for all other grades. 
I nlwIlL vnnilVlvICnl^llw Vcm= 0 V,Ta= 25 °C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

OP-215A/E 

MIN TYP MAX 

LF412AM/AC 

MIN TYP MAX 

LF412, OP-21 5C/G 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


0.2 1.0 

0.3 1.0 


mV 

•os 

Input Offset Current 

Tj = 25°C (Note 1) 
Warmed-Up 

V s =± 15V 

6 50 

10 100 

m 

*£0$ 10 

10 100 

15 200 

PA 

pA 

•b 

Input Bias Current 

Tj = 25°C (Note 1) 
Warmed-Up 

V s = ± 15V 

- ±10 ±100 

- ±15 ±300 

PU- *« tioo' ' 

±15 ±800 

±15 ±200 

±20 ±400 

PA 

PA 

Rin 

Input Resistance 


- 10 12 - 

p ^ 

10 1 * - 

0 

a vol 

Large Signal 

Voltage Gain 

R L >2kfi, V 0 = ± 10V 

V s = ± 15V 

150 400 - 

100 300 - 

50 250 - 

V/mV 

V 0 

•s 

SR 

Output Voltage 

Swing 

Supply Current 

Slew Rate 

R|_=10kD, V s = ±15V 
R L =2kfl, V s = ± 15V 

±12 ±13 - 

±11 ±12.7 - 

lIlillMllMIll 

10 15 

±12 ±13 

±11 ±12.7 - 

3.6 5.6 

10 15 

±12 ±13 

±11 ±12.7 - 

<Sii: ' 3.8 u S3 

' 8 13 MU 

V 

V 

mA 

V//iS 

V s = ± 15V 

GBW 

Gain Bandwidth 
Product 

V s = ± 15V (Note 2) 

3.5 5.7 

3.5 5.7 

3.0 5.5 

MHz 


Settling Time 

to 0.01% 
to 0.10% 

2.3 

1.1 

2.3 

1.1 

2.4 

1.2 

PS 

pS 


Input Voltage Range 


-Ml +14 ‘ 5 - 

- 11 -11.5 

- 

*« -m ~ 

V 

CMRR 

Common-Mode 
Rejection Ratio 

V CM =± 16V 

V CM =±11V 

V CM =± 10.5V 

86 100 — 

80 100 - 

HI 72 10K 

82 100 - 

dB 

dB 

dB 

PSRR 

Power Supply 
Rejection Ratio 

V s = ± 10V to ±20V 
V s =±10Vto±18V 

86 100 - 

80 100 - 

80 100 - 

dB 

dB 

e n 

Input Noise 

Voltage Density 

f 0 = 100Hz 
f 0 = 1000Hz 

- “ 20 

15 - 

: f 5 : 

20 

nV/VHz 

nV/VHz 

•n 

Input Noise 

Current Density 

f 0 = 100Hz 
f 0 = 1000Hz 

0.01 - 

0.01 - 

0.01 - 

0.01 - 

0.01 - 

0.01 - 

pA/VHz 

pA/VHz 


Channel Separation 

f = 1Hz to 20kHz 

120 - 

120 - 

120 - 

dB 


2-276 


XTUD5I 






LF412A/OP-215 


Cl crvatrai rUOnarTCOICTirC v s = ±20Vfor LF412A, V s = ±15Vforallothergrades. 

vnnlillViltnljlK> Vcm = 0V, -55°C<Ta^ 125°C unless otherwise noted. 






OP-21 5A 



LF412AM 

LF412M, OP-21 5C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 

- 

0.5 

2.0 

- 

0.7 

2.0 

4~ " 

■ M 

mV 


Average Input Offset 


• 

— 

3 

10 


4 

10 


s 20 i 

AtV/° C 


Voltage Drift 




(Note 3) 






' 


•os 

Input Offset Current 

T; = 125°C (Note 1) 

• 


0.8 

8 

■ . 'LM 

0.8 

8 ‘J 


* 1.8 >'iZ ' 

nA 



T A = 125°C, Warmed-Up 
V$= ± 15V 

• 

~ 

1.2 

14 

' ***,; 


14 v 

■ > ^ 

'1>; 72 : 

nA 

•b 

Input Bias Current 

T; = 125°C (Note 1) 

• 

_ 

±1.5 

±10 


,±ft 

±10 


sfi m.::. 

nA 



T A = 125°C, Warmed-Up 
V s = ± 15V 

• 

~ 

±2.2 

±18 



±18 

f jT’f 

$21 MZ 8^ - 

nA 


Input Voltage Range 

OP-215 

• 

±10.3 

+ 14.5 
-11.5 

- 

- 

- 

- 

±10.3 

+ 14.5 
-11.5 

V 



LF412 

• 

- 

- 

- 

±16 

+ 19.5 
-16.5 

- 

±11 

+ 14.5 
-11.5 

V 

CMRR 

Common-Mode Rejection 

V CM =± 16V 

• 

- 

— 

- 

80 

100 

- 

— 

_ _ 

dB 


Ratio 

V CM =± 11V 

• 

— 

— 

— 

— 

— 

— 

70 

100 - 

dB 



Vcm =± 10.3V 

• 

82 

100 

- 

- 

- 

- 

80 

100 - 

dB 

•s 

Supply Current 


• 


42 ' 

6.8 

- 

4.0 

5.6 


■\*4 2/'W: 

mA 

PSRR 

Power Supply Rejection 

V s = ± 10V to ±20V 

• 

— 

— 

— 

80 

100 

- 

— 

— — 

dB 


Ratio 

V s = ± 10V to ±16V 

• 

80 

100 

— 

- 

- 

- 

M 

.. too ■ “ ■ 

dB 

A V0l 

Large Signal Voltage Gain 

R L >2kfi,V o =±10V 

V s = ± 15V 

• 

30 

150 

— 


m 


. \W: 

>1|0 

V/mV 

Vo 

Output Voltage Swing 

R L >10kfi, V s = ± 15V 

• 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

V 


ELECTRICAL CHARACTERISTICS 


V s = ±20V for LF412A, V s = +15V lor all other grades. 
Vcm = OV, 0°C<Ta^ 70°C unless otherwise noted. 






OP-21 5E 



LF412AC 


LF412C, OP-21 5G 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 


• 

- 

0.4 

1.65 

- 

0.5 

1.45 

•/ -;~4 

"" 07, " 

3.0 

mV 


Average Input Offset 


• 

— 

3 

15 

— 

4 

10 

— 

5 ' 

m 4 

f*v/°c 


Voltage Drift 




(Note 3) 






(Note# 



■os 

Input Offset Current 

Tj = 70°C (Note 1) 

• 

— 

0.06 

0.45 


m 

m : 

"Vf 


085: 

nA 



T A =70°C, Warmed-Up 

• 

— 

0.08 

0.8 

■ . «*■' ' 

. aor 

08 


0.10 

1JZ 

nA 



V s = ± 15V 












•b 

Input Bias Current 

T; = 70°C (Note 1) 

• 

— 

±0.12 

±0.7 

'44. 

i 

•• ' 

±0.14 ±0,0 

nA 



T a = 70°C, Warmed-Up 

• 

— 

±0.16 

±1.4 

w 

±0.16 ±1.4 i 

i-.. 

±010 ± 1.8 : 

nA 



V s = ± 15V 













Input Voltage Range 

OP-215 

• 

'1: 184 

>+14.8 

411#/ 


- 

- 


±103 

r-m- 


V 



LF412 

• 

- 

- 


±16 

+ 19.5 
-11.5 

- 

±11 

+ 14.5 
-11.5 

- 

V 

CMRR 

Common-Mode Rejection 

V C M =± 16V 

• 

_ 

— 

_ 

80 

100 

— 

— 

— 

— 

dB 


Ratio 

V CM =± 11V 

• 

— 

— 

— 

— 

— 

— 

70 

100 

— 

dB 



Vcm =± 10.3V 

• 

80 

100 

- 

- 

- 

- 

76 

100 

- 

dB 

■s 

Supply Current 


• 

• : 

; m , 

•«; 

- 

3.8 

5.6 

.»~4- 

* 4$ f 

■M 

mA 

PSRR 

Power Supply Rejection 

V s =±10Vto±20V 

• 

— 

— 

— 

80 

100 

— 

_ 

— 

— 

dB 


Ratio 

V s = ± 10V to ± 16V 

• 

80 

100 

— 

- 

— 

— 

78 

100 

. 

dB 

a vol 

Large Signal Voltage Gain 

R L >2kQ,V o =±10V 

• 

50 

180 



180 

-4 :■ 

V 35. 

•1# 


V/mV 



V s = ± 15V 






r /? 0 v * 


+ 




Vo 

Output Voltage Swing 

R L >10kO, V s = ± 15V 

• 

±12 

±13 

- 

±12 

±13 


±12 

±13 

- 

V 


The • denotes the specifications which apply over the full operating tem- 
perature range. The shaded electrical specifications indicate those pa- 
rameters which have been improved or guaranteed test limits provided for 
the first time. 

Note 1: Input bias and offset currents are specified for two different condi- 
tions. The T specification is with the junction at ambient temperature; the 


warmed-up specification is with the device operating in a warmed-up condi- 
tion at the ambient temperature specified. 

Note 2: Gain-bandwidth product is not tested. It is guaranteed by design 
and by inference from the slew rate measurement. 

Note 3: The LF412A is 100% tested to this specification. All other grades 
are sample tested. 


XTUQSS 
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OPEN LOOP VOLTAGE GAIN (dB) 


LF412A/OP-215 


TVPICAl PCRfORflMACC CHARACTERISTICS 

Open-Loop Frequency Common-Mode Rejection Ratio Power Supply Rejection Ratio 

Response vs Frequency vs Frequency 



1 10 100 Ik 10k 100k 1M 10M 100M 10 100 Ik 10k 100k 1M 10M 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


PACKAG6 DCSCRIPTIOnS Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
TQ-5 Metal Can 



INSULATING 

STANDOFF 


Tpax 

«ia 

«ic 

NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE 

165°C 

140°C/W 

40°C/W 



J Package N Package 

8 Lead Cerdip 8 Lead Molded Dip 
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LH2108A 


rrunm 

^™ Br ■ * TECHNOLOGY Operational Amplifiers 


F€ATUR€S 

■ Guaranteed 2nA Max. Input Bias Current 

■ Guaranteed 600/xA Max. Supply Current 

■ Guaranteed 0.5mV Max. Offset Voltage 

■ Guaranteed 5/xV/°C Max. Drift 

■ Wide Supply Voltage Range: ±2V to ±20V 

■ Interchangeable with Other Manufacturers’ LH2108 


APPLICATIOnS 

■ Integrators 

■ Transducer Amplifiers 

■ Analog Memories 

■ Light Meters 


DCSCRIPTIOA 

The LH2108A series of precision operational amplifiers is 
particularly well suited for high source impedance appli- 
cations requiring low offset and bias currents, as well as 
low power dissipation. Unlike FET input amplifiers, the 
offset and bias currents of the LH2108A do not change 
significantly with temperature variations. Advanced de- 
sign, processing and testing techniques make Linear’s 
LH2108A a superior choice over previous devices. 

For higher performance dual amplifiers, seethe LT1024, 
LT1002, and LT1013 data sheets. 


Fast Precision Inverter 


0.1Hz to 10Hz Noise 


INPUT 10k* 




0 2 4 6 8 10 

TIME (SECONDS) 


XTUQS® 


2-279 





LH2108A 


absolute mAximum RATines 


Supply Voltage ±20V 

Differential Input Current (Note 1) ±10mA 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range -55°Cto125°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, lOsec.) 300°C 


PRCKRGC/ORDCR IRFORfllRTIOR 





ORDER PART 

v+(A)[T 

r 

Tes] OUTPUT (A) 

NUMBER 

OUT COMP (A) (7 

r-fx. 

?5j NC 


IN COMP (A) (7 


14] NC 


INVERTING INPUT (A) [7 

r r 

13j NONINVERTING INPUT (B) 


NONINVERTING INPUT (A) [7 


■ j|| INVERTING INPUT (B) 

LH2108AD/883B 

v-[7 

rCu 

j]] IN COMP (B) 

LH2108D/883B 

NC[7 


ToJout comp(B) 

LH2108AD 

OUTPUT (B) [7 ■ 

J 

7]v+(b) 

LH2108D 

TOP VIEW 

HERMETIC DIP 



ELECTRICAL CHARACTERISTICS =b5V <V$ < ±20V and -55 °C<Ta< 125°C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LH2108A 

TYP 

MAX 

MIN 

LH2108 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 


0.7 

2.0 

mV 






1.0 



3.0 

mV 

AVqs 

Average Temperature Coefficient 



1.0 

5.0 


3.0 

15 

M V/°C 

ATemp 

of Input Offset Voltage 









•os 

Input Offset Current 

T a = 25°C 


0.05 

0.2 


0.05 

0.2 

nA 






0.4 



0.4 

nA 

Al os 

Average Temperature Coeffcient 



0.5 

2.5 


0.5 

2.5 

pA/°C 

ATemp 

of Input Offset Current 









!b 

Input Bias Current 

T a = 25°C 


0.5 

2.0 


0.5 

2.0 

nA 






3.0 



3.0 

nA 

a vol 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V, 

80 

300 


50 

300 


V/mV 



Vqut = ±10V, R [_ > 1 0kO 

40 



25 



V/mV 

CMRR 

Common Mode Rejection Ratio 


96 

110 


85 

100 


dB 

PSRR 

Power Supply Rejection Ratio 


96 

110 


80 

96 


dB 


Input Voltage Range 

V s =± 15V 

±13.5 

| ±13.5 

V 

V OUT 

Output Voltage Swing 

V s = ± 15V, R L = 10kO 

±13 

±14 


±13 

±14 


V 

r in 

Input Resistance 

T A = 25“C 

30 

70 

: 

30 

70 


m 

•s 

Supply Current 

T a = 25°C 


0.3 

0.6 


0.3 

0.6 

mA 



T a = 125°C 


0.15 

0.4 


0.15 

0.4 

mA 


Note 1: Differential input voltages greater than IV will cause excessive Note 2: For supply voltages less than ± 15V, the maximum input 

current to flow through the input protection diodes unless current limiting voltage is equal to the supply voltage. For typical performance, see 

resistance is used . LM 1 08A data sheet. 


compcnsRTion circuits 


Standard Compensation Circuit 


R1 R2 



Alternate Frequency Compensation 


R1 R2 



Vour 


Feedforward Compensation 


C2 
5 pF 
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LM10 


/TTLiriCAE 

JKLmF TECHNOLOGY 


F€ATUR€S 

■ Guaranteed Operation at + 1 ,2V 

■ Op Amp and Reference on Single Chip 

■ Low Supply Current 400 nA 

■ Capable of Floating Mode Operation 

■ Low Reference Drift 20ppm/°C 

■ Low Offset Voltage 

■ Output Swings to Within 15mV of Rails 

APPUCATIORS 

■ Remote Signal Conditioner/Transmitter 

■ Battery Operated Instruments 

■ Precision Current Regulators 

■ Precision Voltage Regulators 

■ Thermocouple Transmitter 


Low Power Op Amp 
and Reference 

D€SCRIPTIOn 

The LM10 combines a precision reference, a reference 
buffer amplifier and an independent, high quality op amp 
on a single chip. The device is capable of operation from a 
single supply as low as 1.1V, from dual supplies up to 
±20V and typically draws 270/iA supply current. Input 
voltage range for the op amp includes ground, while the 
unloaded output can swing to within 15mV of each rail. 
Further, the LM10 will deliver 20mA output current and 
still swing within ±400mV of the supply rails. 

With its low operating current and floating operation 
capability, the LM10 is ideal for two wire analog trans- 
mitter circuits where the processed signal is carried on 
the same line used for power. The LM10 is suggested for 
portable battery powered equipment and is fully specified 
for operation from a single 1 ,2V battery. Other applica- 
tions include precision current and voltage regulators, 
operating from very low voltages to several hundred 
volts. 


+ 1.5 V to +5V Converter 



Line Regulation 


■ 

■ 






■ 



1 




■ 

■ 






■ 





1 


■ 

■ 

1 




1 

■ 





1 


■ 








1 


I 


1 


fi 

1 

1 

1 




■ 




1 


■ 

■ 

1 

1 




■ 

■ 


1 


1 


■ 














■ 















1 10 100 
TOTAL SUPPLY VOLTAGE (V) 
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LM10 


absolute mnximum aatiags packagc/ordcr inFORmRTion 


Total Supply Voltage 

LM10/LM10B/LM10C 45V 

LM10BL/LM10CL 7V 

Differential Input Voltage (Note 1) 

LM10/LM10B/LM10C ±40V 

LM10BL/LM10CL ±7V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range (Note 2) 

LM10 -55°C<Ta<125°C 

LM10B/LM10BL -25°C<Ta<85°C 

LM10C/LM10CL 0°C<Ta<70°C 

Storage Temperature Range -65°C <Ta <150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 


REFERENCE 

FEEDBACK 



V" 


ORDER 

PART NUMBER 


LM10H 

LM10BH 

LM10CH 

LM10BLH 

LM10CLH 


METAL CAN H PACKAGE 


TOP VIEW 



J8 HERMETIC PACKAGE 
N8 PLASTIC DIP PACKAGE 


REFERENCE 

FEEDBACK 

V + 

OP AMP 
OUTPUT 


LM10CN8 

LM10CLN8 

LM10CJ8 

LM10CLJ8 


BALANCE 


LM10J8 

LM10BJ8 

LM10BLJ8 


OP RfTlP €l€CTRICRl CHRRRCTCRISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM10/LM10B 

MIN TYP MAX 

LM10C 

MIN TYP MAX 

UNITS 

V 0S 

Input Offset Voltage 


• 

0.3 2.0 

3.0 

0.5 4.0 

5.0 

mV 

mV 

AVqs 

ATemp 

Average Offset 

Voltage Drift 


• 

2.0 

5.0 

(A//° C 

'os 

Input Offset Current 

(Note 4) 

• 

0.25 0.7 

1.5 

0.4 2.0 

3.0 

nA 

nA 

A'os 

ATemp 

Offset Current 

Drift 

i 

• 

2.0 

5.0 

pA/°C 

'b 

input Bias Current 


• 

10 20 

30 

12 30 

40 

nA 

nA 

Al b 

ATemp 

Bias Current Drift 


• 

60 

90 

pA/°C 

A V0L 

Large Signal 

Voltage Gain 

V S =±20V, l OUT = 0, V 0UT =± 19.95V 

• 

120 400 

80 

80 400 

50 

V/ mV 
V/mV 

V s = ± 20V, V 0UT =± 19.4V 

Iout = ± 20mA 
'out =: =t 1 5mA 

• 

50 130 

20 

25 130 

15 

V/mV 

V/mV 

V$= ± 0.6V, Iout = ± 2mA 

V OU t=±0.4V, V C m= —0.4V 

t 

1.5 3.0 

1.0 3.0 

V/mV 

Vs= ± 0.65V, Iqut= ± 2mA 

Vqut= ± 0.3V, V C m= -0.4V 


0.5 

0.75 

V/mV 


Shunt Gain (Note 5) 

0.1mA< l 0UT <5mA, R L =1.1kQ 
1.2 V<V out <40V 

1.3V<V out <40V 

• 

14 33 

6 

10 33 

6 

V/mV 

V/mV 

0. 1mA<l O uT^20mA, R L = 250fi 

1 . 5V < V + < 40V 

• 

8 25 

4 

6 25 

4 

V/mV 
V/ mV 
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LM10 


OP Amp ELECTRICAL CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM1Q/LM10B 

MIN TYP MAX 

LM10C 

MIN TYP MAX 

UNITS 

CMRR 

Common-Mode 

V s = ± 20V 






Rejection Ratio 

-20V<V cm <19.15V 


93 102 

90 102 

dB 



-20V<V cm <19V 

• 

87 

87 

dB 

PSRR 

Power Supply 

-0.2V>V“> -39V 






Rejection Ratio 

v + = i.ov 


90 96 

87 96 

dB 



V + =1.1V 

• 

84 

84 

dB 



V - = -0.2V 







1.0V<V + < 39.8V 


96 106 

93 106 

dB 



1.1V<V + <39.8V 

• 

90 

90 

dB 

Rin 

Input Resistance 

(Note 6) 


250 500 

150 400 

kfi 




• 

150 

115 

kft 

Is 

Supply Current 



270 400 

300 500 





• 

500 

570 


Al$ 

Supply Current 

1.2V<V S <40V 


15 75 

15 75 

mA 


Change 

1.3V<V S <40V 

• 

75 

75 



RCFERCRCC AfTIPUFIER ELECTRICAL CHARACTERISTICS (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM10/LM10B 

MIN TYP MAX | 

LM10C 

MIN TYP MAX 

UNITS 

Vref 

Feedback Sense 

Voltage 

Voltage at Pin 1 with Pin 1 

Connected to Pin 8 

1 

195 200 205 

194 200 206 

190 200 210 

189 200 211 

mV 

mV 

AN/ref 

ATemp 

Reference Drift 


• 

0.002 

0.003 

%/°C 


Feedback Current 

Current into Pin 8 

• 

20 50 

65 

22 75 

90 

nA 

nA 


Line Regulation 

0 < 1 rep < 1 mA, Vrep — 200mV 
1.2V< V S <40V 

1.3V<V S <40V 

• 

0.001 0.003 
0.001 0.006 

0.001 0.008 

0.001 0.01 

%/M 

%/M 


Load Regulation 

0 < 1 rep 5= 1 mA 

V + -V REF >1.0V 

V+-V RE p>1.1V 

• 

0.01 0.1 

0.01 0.15 

0.01 0.15 
0.01 0.20 

% 

% 


Reference Amplifier 

Gain 

0.2V <Vr EF < 35V 

• 

50 75 

23 

25 70 

15 

V/mV 

V/mV 


XTUDS® 


2-283 





LM10 


op nmp electrical characteristics (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM10BL 

MIN TYP MAX 

LM10CL 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



0.3 2.0 

0.5 4.0 

mV 




• 

3.0 

5.0 

mV 

A Vos 

Average Offset 


• 

2.0 

5.0 

mV/°C 

ATemp 

Voltage Drift 






los 

Input Offset Current 

(Note 4) 


0.1 0.7 

0.2 2.0 

nA 




• 

1.5 

3.0 

nA 

Alos 

Offset Current 


• 

2.0 

5.0 

pA/°C 

ATemp 

Drift 






•b 

Input Bias Current 



10 20 

12 30 

nA 




• 

30 

40 

nA 

ai b 

Bias Current Drift 


• 

60 

90 

pA/°C 

ATemp 







a vol 

Large Signal 

V s = ± 3.25V, l OU T = 0, V out =±3.2V 


60 300 

40 300 

V/ mV 


Voltage Gain 


• 

40 

25 

V/mV 



V s =± 3.25V, V 0 U t=± 2.75V 







1 out — =*= 10mA 


10 25 

5 25 

V/mV 




• 

4 

3 

V/mV 



•out = ± 2mA, Vqm — —0.4V 







V s = ±0.6V, V 0 ut= ±0.4V 


1.5 3.0 

1.0 3.0 

V/ mV 



V s = ± 0.65V, V 0 ut— ±0.3V 

• 

0.5 

0.75 

V/mV 


Shunt Gain (Note 5) 

0.1mA<l O uT^10mA, R L = 500fi 







1.5V<V + <6.5V 


8 30 

6 30 

V/mV 




• 

4 

4 

V/ mV 

CMRR 

Common-Mode 

V s = ±3. 25V 






Rejection Ratio 

-3.25V<V cm <2.4V 


89 102 

80 102 

dB 

. 


— 3.25V <V C y< 2.25V 

• 

83 

74 

dB 

PSRR 

Power Supply 

-0.2V^V~> -5.4V 


i 




Rejection Ratio 

v + = i.ov 


86 96 

80 96 

dB 



V + = 1.2V 

• 

80 

74 

dB 

PSRR 


V - = —0.2V 


: 





1.0V<V + <6.3V 


94 106 

80 106 

dB 



1.1V<V + <6.3V 

• 

88 

74 

dB 

Rin 

Input Resistance 

(Note 6) 


250 500 

o 

o 

s 

kfl 




• 

150 

115 

kfl 

•s 

Supply Current 



260 400 

280 500 

M 




• 

500 

570 

mA 
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LM10 


R€F€R€RC€ RRIPLIFICR €L€CTRICRL CHARACTERISTICS (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM10BL 

MIN TYP MAX 

LM10CL 

MIN TYP MAX 

UNITS 

Vref 

Feedback Sense Voltage 

Voltage at Pin 1 with Pin 1 

Connected to Pin 8 


195 200 205 

194 200 206 

190 200 210 

189 200 211 

mV 

mV 

aV ref 

ATemp 

Reference Drift 



0.002 

0.003 

%/°C 


Feedback Current 

Current into Pin 8 

• 

20 50 

65 

22 75 

90 

nA 

nA 


Line Regulation 

0< l REF < 0.5mA, V REF = 2Q0mV 
1.2V<V S <6.5V 

1.3V<V S <6.5V 


0.001 0.01 

0.001 0.02 

0.001 0.02 
0.001 0.03 

%/V 

%/V 


Load Regulation 

0<l REF <0.5mA 

V + -V REF >1.0V 

V + -V REF >1.1V 


0.01 0.1 

0.01 0.15 

0.01 0.15 
0.01 0.20 

% 

% 


Reference Amplifier Gain 

0.2V< V REF < 5.5V 

Ld 

30 70 

20 

20 70 

15 

V/m V 
V/m V 


The # denotes the specifications which apply over full operating temper- 
ature range. 

Note 1: The input voltage can exceed the supply voltages as long as the 
voltage from the input to any other terminal does not exceed the max- 
imum differential voltage, and the maximum junction temperature is not 
exceeded due to the excess power dissipation that occurs when the input 
voltage is less than the negative supply voltage. 

Note 2: The maximum operating junction temperatures are: 150°C for 
the LM10; 100°C for the LM10B and LM10BL; and 85°C for the LM10C 
and LM10CL. Package derating factors will be found on the back page of 
this data sheet. 

Note 3: These specifications apply for the following conditions unless 
otherwise noted: 

at 25°C over temperature 

(a) V ~ < V CM < V + - 0 . 85V V ~ < V CM V + - 1 ,0V 

(b) 1.2V<V s <V MAX 1.3V <V S <V MAX 

V ref = 0.2V and 0<I REF < 1.0mA where V MAX =40V for the LM10, 

LM10B and LM10C and V MAX = 6.5V for the LM10BL and LM10CL. The 
specifications do not include errors due to thermal gradients (t 1 *20ms), 
die heating (r 2 *0.2 sec) or package heating. 


Note 4: For Tj>90°0, l os may exceed 1.5nA when V CM = V~. When 
the common-mode input voltage is within lOOmV of the negative supply 
and T j = 125°C, the offset current will be less than 5nA. 

Note 5: Shunt gain defines the operation in floating applications when 
the output is connected to the V + terminal and input common-mode is 
referred to V - (see typicai applications). The effects of larger output 
voltage swing with higher load resistance can be accounted for by adding 
the positive supply rejection error. 

Note 6: Guaranteed by design. 
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INPUT NOISE (nV/Vfiz) INPUT CURRENT (nA) 


LMIO 


TVPICfll P€BFORffinnC€ CHflRnCTcnlSTICS (o P Am P ) 


Input Current 


Common-Mode Limits 


Offset Voltage Drift 







h * 









V S ±20V | 












’ 






v+ 



— 











. — - 

— 











v- 






— 


X Al 0S <2nA 

Alg< 10nA 
I l 




-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


Input Noise Voltage 


Voltage Gain 


Transconductance 


it =a 

F&m 

/>ido: 

TT ' 

:;r 


1 


I 

Jl — 

t± 

1 

1 


ee: 




ft t. 

|| 

L 

| 

... 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


I 

I 

ft:- 

Jllll 

IlliiiEMIIIliiiS! 

Hill 

Hi 

IIS 

HI 

ilium 

li 

Hill 

■1 

llllll 

■l 


V S =±12V 

-V 0 =±10V- 




FT 
: V 

"V 

=3 

s= 

F 

FF 

b2V 

IV 




SA 









' 


_ 


_ 



EE 

E 

- 

E 

EE= 

i. 

— 

— 

~ 


— 

r 






~n25°C 

== 

= 

E 

E 

!== 

II 

= 

= 

E 

- 

Ill 






::: 












;;; 


LOAD RESISTANCE (0) 


0.01 0.02 0.05 0.1 0.2 

OFFSET VOLTAGE CHANGE ( 


Output Saturation 
Characteristics 


Output Saturation 
Characteristics 


Output Saturation 
Characteristics 



- V s = ±2V - 
T a = — 55°C 


2 -0.1 0 0.1 0.2 0.3 

OFFSET VOLTAGE CHANGE (mV) 


-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

OFFSET VOLTAGE CHANGE (mV) 


' L “ / V s = ±2V 

11 1 J/o 11 

1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 

OFFSET VOLTAGE CHANGE (mV) 
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PAGE GAIN (tJB) TOTAL SUPPLY VOLTAGE (V) 


LM10 


TYPICAL P€RFORmnnC€ CHRRRCT6RISTICS < o P Am P) 


Minimum Supply Voltage 


Minimum Supply Voltage 


Minimum Supply Voltage 


NPN 

PNP 


0 

Ta — — 55 C 

V S AT = 1.0V 

-1mA 



,\ 

V— 

l L = -20mA 

\a 

\ 



;\ 




10mA 

"■ 1mA 




0.3 0.2 0.1 0 -0 1 -0 2 

OFFSET VOLTAGE CHANGE (mV) 


— 

NPN 

PNP 





T A = 25°C 

VSAT = 10V 


•out = 20mA 

Aj i 

-20mA 

1 JJ 

Jl 





-1mA / 



-10/iA 

10/iA 



•■""^ImA 

— 1-_ 





0.3 0.2 0.1 0 -0 1 -0.2 -0.3 

OFFSET VOLTAGE CHANGE (mV) 


NPN 

PNP 

1.6 T A = 125°C 

Z V SAT = 1 °V 


-15mA, l 



5 1 2 

■> 

c 

l 10/tA 


1 5 1.0 0 5 0 -0 5 - 

INPUT VOLTAGE CHANGE (mV) 


Frequency Response 


100 ps^AINJ 


Output Impedance 

Ik i . i. 1. 1 nm i - l ' eit 


f 


~n 200 1 


Iqut = ~ 1mA 



Typical Stability Range 

10-6 e==f=e= ■ ~ -i -=>= 

: 1.2V<V S <40V = = 

- — 55°C<T/\< + 125°C 

-A\/>:1 


1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


10k 100k 

FREQUENCY (Hz) 


100 10 1 0.1 0.01 - 0.1 -1 -10 - 1 C 

LOAD CURRENT (mA) 


Large Signal Response 



Ik 10k 

FREQUENCY (Hz) 


Comparator Response Time for 
Various Input Overdrives 



V+=5 V t 

~v-= 0 — 

T A =25°C 


-0.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1 1 
TIME (ms) 


Comparator Response Time for 
Various input Overdrives 



50 V+=5V ' 

n V"= 0 

U | T a = 25°C 

50 1 1 1 

-0.2 0 0 2 0.4 0 6 0 8 1.0 1 2 1 4 1 6 1 8 
TIME (ms) 
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TOTAL SUPPLY VOLTAGE (V) SUPPLY CURRENT (mA) 


LMIO 


TYPICAL PCAFORmnnce characteristics (Reference) 


Supply Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Load Regulation 






— 

V + 

— 

= 1 5V 
=0 - 







T 

* = 25°C 




































0 2 4 6 

LOAD CURRENT (mA) 


Reference Noise Voltage 


= 

z 


— 

z 

z:: 

— 

z 


ij v ref =o.2v1 


— 



■ 







T" 
























t 





u 






J 

E 

— 













E 



z 

E: 


z 



z 

M 


— 



— 






~ 

4 

— 

L - 



~ 


! ■ = 

— 


!!! — 


T 














~i 

1 



E 







lJ. 


10 100 Ik 10k 100k 

FREQUENCY(Hz) 


2 


Minimum Supply Voltage 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Output Saturation 


Typical Stability Range 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



001 0 1 1.0 10 
LOAD CURRENT (mA) 


BLOCK DIRGRRm 


REFERENCE 

BALANCE OUTPUT FEEDBACK V+ 
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LM10 


flppucffnon hints 

With heavy amplifier loading to V~ , resistance drops in Lead resistance can approach IQ. Therefore, the com- 
the V~ lead can adversely affect reference regulation, mon to the reference circuitry should be connected as 

close as possible to the package. 
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xTum 




LM10 


Tvpicm Applications 


Two-Terminal Current Regulator 



Shunt Regulator 


Cl* 

0.01/iF 



* REQUIRED FOR CAPACITIVE LOADING 


Negative Regulator 


Floating Regulator 



u\sm 
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TYPICAL APPLICATION 


High Voltage Regulator 



Light Level Sensor 



VIBRATION 

SENSOR 


6V Battery-Level Indicator 



LED DIMS BELOW 7V 


Transducer Amplifier 





LM10 



/TLinWC 
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LM10 


TYPICAL APPLICATION 


Microphone Amplifier 
A v «1k 



Isolated Voltage Sensor 
for Switching Regulators 


R5t R6 

4.7 5k 
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LM10 



jrmm 
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LM10 


R€F€R€RC€ RR D mTCRRRl RCGUlflTOR SCHCmRTIC DIRGRRfD 


v+ 



FEEDBACK 


PRCKRGC DCSCRIPTIOR 


H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 
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TECHNOLOGY 


LM101A/LM301 A 
LM1Q7/LM307 

Operational Amplifiers 


F€flTUR€S 


DCSCRIPTIOfl 


■ 30 Volt Differential Input Range 

■ 75 nA Input Bias Current 

■ Wide Common Mode Voltage Range 


RPPUCOTIOnS 


The LM101A and LM107 are general purpose oper- 
ational amplifiers, featuring low bias current and the 
ability to operate with high input differential voltages 
up to 30 Volts. Unlike many FET input amplifiers, the 
output of the LM101A/107 does not reverse if the 
common mode range is exceeded, making them par- 
ticularly useful in comparator and oscillator circuits. 


■ Signal Conditioning Amplifiers 

■ Voltage Followers 

■ Comparators 


The LM101A uses external compensation, allowing 
the frequency response and slew rate to be optimized 
for the application. The LM107 is identical to the 
LM 101 A with the exception that the compensation ca- 
pacitor is internal. Linear’s LM101A and LM107 in- 
clude improved design and processing techniques 
resulting in superior long term stability and reliability 
over previous devices. The curve of bias current ver- 
sus differential input voltage indicates that a minimal 
change in input current occurs over a wide range of 
input signal, which is important in many applications. 




UMBS, 
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LM101 A/LM301 A 
LM1Q7/LM3Q7 


rbsoiutc mnximum rrtirgs 


Supply Voltage 

LM101A/LM107 ±22 Volts 

LM301A/LM307 ±18 Volts 

Differential Input Voltage ±30 Volts 

Input Voltage, Note 2 ±15 Volts 

Output Short Circuit Duration, Note 3 Indefinite 

Operating Temperature Range 

LM101A/LM107 -55°Cto125°C 

LM301A/LM307 0°Cto 70°C 

Maximum Junction Temperature 

LM101A/LM107 150°C 

LM301A/LM307 100°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


prckrgc/ordcr mFonmrmon 


TOP VIEW 

COMP 

BAL/COMP* V + 

- IN (2)~j^> (6) OUT 

V- 

METAL CAN H PACKAGE 
* PINS 1, 5, 8 NO CONNECTION ON LM 107/307 

ORDER PART NUMBER 

LM101AH 

LM301AH 

LM107H 

LM307H 

BAL/COMP* 1 C 
- IN 2 C 
+ IN 3 C 
V- 4 C 

TOP VIEW 

□ 8 COMP* 

□ 7 V + 

□ 6 OUT 

□ 5 BAL * 

LM101AJ8 

LM301AJ8 

LM107J8 

LM307J8 

J8 PACKAGE 

HERMETIC DIP 

*PINS 1, 5, 8 NO CONNECTION ON LM107/307 


€l€CTRICRl CHRRRCTCRISTICS (Rote 1) 






LM101 A/LM107 1 

LM301A/LM307 1 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

R s < 50K 0, T a = 25°C 



0.7 

2.0 


2.0 

7.5 

mV 


Rs 50K9 

• 



3.0 



10 

mV 

AVos 

A Temp 

Average Temperature Coefficient 
of Input Offset Voltage 

R s < 50KO 

• 


3.0 

15 


6.0 

30 

M v/°c 

•os 

Input Offset Current 

T a = 25 °C 



1.5 

10 


3.0 

50 

nA 



• 



20 



70 

nA 

Alos 

A Temp 

Average Temperature Coefficient 
of Input Offset Current 

25°C < T A < T max 



0.01 

0.1 


0.01 

0.3 

nA/°C 


Tmin < T a < 25°C 



0.02 

0.2 


0.02 

0.6 

nA/°C 

Ib 

Input Bias Current 

T a = 25°C 



30 

75 


70 

250 

nA 



• 



100 



300 

nA 

Avol 

Large Signal Voltage Gain 

T a = 25°C, V s ± 15V, Vout = 

± 10V, R l 3* 2KO 


50 

160 


25 

160 


V/mV 



V s = ± 15V, Vout = ± 10V, 

R l s* 2KO 


25 



15 



V/mV 

CMRR 

Common Mode Rejection Ratio 

Rs < 50KO 


80 

96 


70 

90 


dB 

PSRR 

Power Supply Rejection Ratio 

R s < 50K12 

•J 

80 

96 


70 

96 


dB 


Input Voltage Range 

V s = ±20V 

• 

±15 


V 



V s = ±15V j 

• 

+ 15 
-13 

±12 

+ 15 
-13 


V 

V 

VoUT 

Output Voltage Swing 

V s = ± 15V R l - 10KO 

• 

±12 

±14 


±12 

±14 


V 



R l = 2KO 


±10 

±13 


±10 

±13 


V 

Rin 

Input Resistance 

T a = 25°C 


1.5 

4.0 


0.5 

2.0 


MO 

Is 

Supply Current 

T a = 25°C, V s = ±20V 



1.8 

3.0 


1.8 

3.0 

mA 



T a = 125°C,V S = ±20V 



1.2 

2.5 




mA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise noted; all measurements are made with 
unity gain compensation = 30pf for the LM101A/301A); these 
specifications apply for ±5V < V s < ±20V for the LM101A/ 
LM107; and ±5V < V s ^ ± 15V for the LM301A/LM307. 


Note 2: For supply voltages less than ± 15 Volts, the maximum input 
voltage is equal to the supply voltage. 

Note 3: The output may be shorted to ground or either power supply 
indefinitely, provided the case temperature is below 125°C for the 
LM101A/107 and below 70°C for the LM301A/307. 
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LM101 A/LM301 A 
LM107/LM307 


TYPICAL PCRFORfllARCC CHARACTERISTICS (LM101A) 


Single Pole Compensation 

R2 



Ci = 30pF for unity gain stability. At gains 
above 1 frequency response can be maximized 
by decreasing C-|. 


Open Loop Frequency Response 



1 10 100 Ik 10k 100k 1M 10M 


Two Pole Compensation 

R2 



• VquT 


Feedforward Compensation 

C2 



Open Loop Frequency Response 



1 10 100 Ik 10k 100k 1M 10M 


Open Loop Frequency Response 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Single Pole Large Signal 
Frequency Response 


2 Pole Large Signal 
Frequency Response 


Feedforward Large Signal 
Frequency Response 



Ik 10k 100k 1M 10M 


10k 100k 1M 


100k 1M 10M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Single Pole Voltage 
Follower Pulse Response 



0 10 20 30 40 50 60 70 80 


2 Pole Voltage Follower 



0 10 20 30 40 50 60 70 80 


Feedforward Inverter 
Pulse Response 



TIME (nS) 


TIME (mS) 


TIME ( M S) 


XTUKSB 
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LM101 A/LM301 A 

LM1Q7/LM3Q7 

TVPicm P€RFonmnnc€ charactcristics (LM101A/LM107) 


Input Current Supply Current Voltage Gain 



50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

5 10 15 

SUPPLY VOLTAGE (±V) 

20 

5 10 15 

SUPPLY VOLTAGE <±V) 

20 

Input Noise Voltage 

Input Noise Current 


Current Limiting 




Ik 10k 

100k 

10 

100 Ik 10k 

100k 

10 15 20 25 

FREQUENCY (Hz) 



FREQUENCY (Hz) 


OUTPUT CURRENT (±mA) 


Common Mode Rejection Power Supply Rejection Closed Loop Output Impedance 



10 

100 Ik 10k 100k 

1M 

10 

100 

Ik 10k 100k 1M 10M 

10 

100 Ik 10k 


FREQUENCY (Hz) 




FREQUENCY (Hz) 


FREQUENCY (Hz) 
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LM101 A/LM301 A 
LM107/LM307 





typical appucatioas 

Standard Compensation 
and Offset Balancing Circuit 


Fast Summing Amplifier 


. C2 R2 

■ 3 pF 30k 


T "ci 

R1 < 30 pF 

10M > 


Low Frequency Square Wave Generator 


Power Bandwidth: 250 kHz 
Small Signal Bandwidth: 3.5 Mhz 
Slew Rate: lOV/^s 


Fast Voltage Follower 



V|N — \ + >^18 


Power Bandwidth: 15 kHz 
Slew Rate: IV/^s 



Voltage Comparator with Clamp 




LOW IMPEDANCE 
OUTPUT 


■ CLAMPED OUTPUT 


Precision Rectifier 


R6 

20k 

1% 

KA.A 

R2 20K 

1% 

A A A, _ 

7 T V ▼ 

> 'VW 

R3 

10k 

C4 

^10pF 

D1 ^ 
1N914 - 

1% 

l 

At 

LMTQ1A 




US 



3 



■AAA,- ^ 


15 Xr4 

L - 15k 

t 5.6V 


150 pF 

(l D2 — 

L 1N914 3 

[ 

i nr 

“ 62k 

3ml 


XTuaai 
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LM101 A/LM301 A 
LM1Q7/LM3Q7 

scHcmnric DinGftnm 


COMP 

BAL COMP. 



* Cl FOR LM107 ONLY 
FOR LM107, THERE ARE NO INTERNAL 
CONNECTIONS TO PINS 1, 5 AND 8 


OFFSET BALANCE 


PflCKflGC DCSCMPTIOn 


H Package J8 Package 

Metal Can 8 Lead Hermetic Dip 



STANDOFF | 

I NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 

NOTE. DIMENSIONS IN INCHES * LEADS WITHIN 0.007 OF TRUE POSITICJN (TP) AT GAUGE PLANE 
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LM 1 08A/LM308A 
LM108/LM308 



FCRTUR6S 

■ Guaranteed 200pA max. input offset current 

■ Guaranteed 2nA max. input bias current 

■ Guaranteed 600/uA max. supply current 

■ Guaranteed 0.5mV max. offset voltage 

■ Guaranteed 5/nV/°C max. drift 

■ Wide supply voltage range: ± 2V to ± 18V 


rppucrtiors 

■ Integrators 

■ Transducer amplifiers 

■ Analog memories 

■ Light meters 


Operational Amplifiers 


IKSCRIPTIOR 

The LM108 series of precision operational amplifiers 
are particularly well-suited for high source impedance 
applications requiring low offset and bias currents as 
well as low power dissipation. Unlike FET input ampli- 
fiers, the offset and bias currents of the LM108 do not 
change significantly with temperature variations. Ad- 
vanced design, processing and testing techniques 
make Linear’s LM108 a superior choice over previous 
devices. 

A photodiode sensor application is shown below. For 
applications requiring higher performance, see the 
LT1008, and LT1012. 


Amplifier For Photodiode Sensor 


Input Currents 


R1 

5M 

1 % 



OUTPUT 



TEMPERATURE (°C) 


/TLintAfc 
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LM 1 08A/LM308A 
LM108/LM308 


rbsoiutc mnximum rrtirgs prckrgc/ordcr mFORmRTion 


Supply Voltage 

LM108A/LM108 ±20V 

LM308A/LM308 ± 18V 

Differential Input Current (Note 1) ± 10mA 

Input Voltage (Note 2) ± 15V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LM108A/LM108 -55°C to 125°C 

LM308A/LM308 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



TOP VIEW 


ORDER PART NO. 

COMP 

COMPj^^ 

— IN (p~±> (6) OUT 

+ IN NC 

V— (CASE) 

METAL CAN H PACKAGE 

LM108AH 

LM108H 

LM308AH 

LM308H 


TOP VIEW 



C0MP1 1 C 

-IN 2 C 
+ IN 3 C 
V- 4 C 


□ 8 C0MP2 

□ 7 V+ 

□ 6 OUT 

□ 5 NC 

LM308AN8 

LM308N8 

PLASTIC DIP N8 PACKAGE 



CLCCTRICRL CHRRRCTCRISTICS ±5V < V s < ± 20V and -55°C < T* < 125°C, unless otherwise noted. 







LM108A 



LM108 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C 



0.3 

0.5 


0.7 

2.0 

mV 




• 



1.0 



3.0 

mV 

AV 0 s 

ATemp 

Average Temperature Coefficient 
of Input Offset Voltage 


# 


1.0 

5.0 


3.0 

15 

mV/°C 

•os 

Input Offset Current 

T a = 25°C 



0.05 

0.2 


0.05 

0.2 

nA 





0.4 



0.4 

nA 

Alos 

ATemp 

Average Temperature Coefficient 
of Input Offset Current 




0.5 

2.5 


0.5 

2.5 

pA/°C 

•b 

Input Bias Current 

T a - 25°C 



0.5 

2.0 


0.5 

2.0 

nA 






3.0 



3.0 

nA 

Avol 

Large Signal Voltage Gain 

T a = 25°C, V s ± 15V, 


80 

300 


50 

300 


V/mV 



V 0UT = ± 10V, R l ^ lOkfi 


40 



25 



V/mV 

CMRR 

Common Mode Rejection Ratio 



96 

110 


85 

100 


dB 

PSRR 

Power Supply Rejection Ratio 



96 

110 


80 

96 


dB 


Input Voltage Range 

V s - ± 15V 


±13.5 

±13.5 

V 

VoUT 

Output Voltage Swing 

V s = ± 15V, R l - lOkfi 


±13 

±14 


±13 

±14 


V 

Rin 

Input Resistance 

T a = 25°C (Note 3) 


30 

70 


30 

70 


Mfi 

•s 

Supply Current 

T a - 25°C 



0.3 

0.6 


0.3 

0.6 

mA 


T a = 125°C 



0.15 

0.4 


0.15 

0.4 

mA 







LM 1 08A/LM308A 
LM1Q8/LM308 


CLCCTRICAL CHRRACTCRISTICS ±5V < V s ± 15V and 0°C < T* < 70°C, unless otherwise noted. 






LM308A 



LM308 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

T a = 25°C 



0.3 

0.5 


2.0 

7.5 

mV 







0.73 



10 

mV 

AV 0 s 

ATemp 

Average Temperature Coefficient 
of Input Offset Voltage 




2.0 

5.0 


6.0 

30 

mV/°C 

Ids 

Input Offset Current 

T a = 25°C 



0.2 

1.0 


0.2 

1.0 

nA 






1.5 



1.5 

nA 

Alos 

ATemp 

Average Temperature Coefficient 
of Input Offset Current 




2.0 

10 


2.0 

10 

pA/°C 

•b 

Input Bias Current 

T A = 25°C 



1.5 

7.0 


1.5 

7.0 

nA 







10 



10 

nA 

Avol 

Large Signal Voltage Gain 

T A = 25°C, V s ± 15V, 


80 

300 


25 

300 


V/mV 



Vour = ± 10V, R l s* lOkft 


60 



15 



V/mV 

CMRR 

Common Mode Rejection Ratio 



96 

110 


80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 



96 

110 


80 

96 


dB 


Input Voltage Range 

V s = ± 15V 


TV* 1 

±14 

V 

Voui 

Output Voltage Swing 

V s = ± 15V R l - lOkfi 


±13 

±14 


±13 

±14 


V 

Rin 

Input Resistance 

T a = 25°C (Note 3) 


10 

40 


10 

40 


m 

Is 

Supply Current 

T a = 25°C 



0.3 

0.8 


0.3 

0.8 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883 data sheet for test 
listing and parameters. 

Note 1: Differential input voltages greater than IV will cause 
excessive current to flow through the input protection diodes unless 
current limiting resistance is used. 

Note 2: For supply voltages less than ± 15V, the maximum input 
voltage is equal to the supply voltage. 

Note 3: Guaranteed by design. 


TYPICAL RPPLICRTIOnS 

Standard Compensation Circuit 


R1 R2 



* * BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/C, 


COMPENSATION CIRCUITS 


Alternate* Frequency Compensation 

R1 R2 



* IMPROVES REJECTION OF POWER 
SUPPLY NOISE BY A FACTOR OF TEN. 

** BANDWIDTH AND SLEW RATE ARE 
PROPORTIONAL TO 1/C S 


Feedforward Compensation 


C2 
5 pF 



/Timm 
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LM 1 08A/LM308A 
LM108/LM308 
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LM 1 08A/LM308A 
LM108/LM308 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Closed Loop Output Impedance 



10 -2l i i | 1 I I 

10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Power Supply Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


TYPICAL APPLICATIOflS 


Low Drift Integrator With Reset 

R2 



* Q1 AND Q3 SHOULD NOT HAVE 
INTERNAL GATE-PROTECTION DIODES. 


Inverting Amplifier With High Input Resistance 


R1 R2 R3 

2M 2M 505 

1 % 1 % 1 % 



rrunm 
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LM 1 08A/LM308A 
LM108/LM308 


Tvpicni Rppucnnons 

Amplifier For Piezoelectric Transducers Amplifier For Bridge Transducers 



T 


Fast* Summing Amplifier 


C5f 




2M 

1 % 


1M 

1 % 



I _ hj vin 

0UT _ RTR5 

R3 = R4 + R5 
R1 = R2 


' loUT 


Differential Input Instrumentation Amplifier 


Sample and Hold 



R1 R2 R3 R4 

100k Ik Ik 100k 

0 . 1 % 0 . 1 % 0 . 1 % 0 . 1 % 
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LM 1 08A/LM308A 
LM108/LM308 


flppucffTions mFORflumon 


Input guarding 

Input guarding is used to reduce surface leakage. 
Guarding both sides of the board is required. Bulk 
leakage reduction is less and depends on the guard 
ring width. compensation 



The guard ring is connected to a low impedance point 
at same potential as the sensitive input leads. Connec- 
tions for various op amp configurations are shown 
below. 


R1 R2 




R1 R2 



OUTPUT 


Input protection 

Current is limited by R2 even when input is connected 
to a voltage source outside the common mode range. If 
one supply reverses, current is controlled by R1. 
These resistors do not affect normal operation. 


R3 



OUTPUT 


The input resistor controls the current when the input 
exceeds the supply voltages, when the power for the 
op amp is turned off, or when the output is shorted. 



OUTPUT 


Offset Voltage Test Circuit t 

R1 

50k* 



A v = 1000 

t THIS CIRCUIT IS ALSO USED AS THE BURN-IN 
CONFIGURATION WITH SUPPLY VOLTAGES EQUAL 
TO ±20 V, R1 =R3 = 10k, R2=200Q, A v =100. 



LM 1 08A/LM308A 
LM108/LM308 


scHcmmic diagraai 


COMPENSATION COMPENSATION 



V + 


OUTPUT 


v- 


PACKAGE DCSCAIPTIOA 


H Package 
Metal Can 


N8 Package 
8 Lead Plastic 



NOTE DIMENSIONS IN INCHES 


Tjmax 

% 

e ic 

150°C 

150°C/W 

45°C/W 



NOTE DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
•LEADS WITHIN 0 007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tpax 

6ja 

100°C 

130°C/W 
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LT1 18A/LT318A 
LM1 18/LM318 

High Speed 


Operational Amplifier 


FCOTURCS 


D6SCRIPTIOA 


■ Guaranteed 1 .OmV Max. Input Offset Voltage 

■ Guaranteed 100,000 Min. Gain 

■ Guaranteed 50 V//iS Slew Rate 

■ Guaranteed 20nA Max. Input Offset Current 

■ 15MHz Bandwidth 

■ Unity Gain Stable 


APPUCATIOAS 

■ Wideband Amplifiers 

■ High Frequency Absolute Value Circuits 

■ D/A Converter Amplifiers 

■ Fast Integrators 


The LT118A is an improved version of the industry stand- 
ard LM118. The LT118A features lower input offset volt- 
age, lower input offset currents, higher gain and higher 
common mode and power supply rejection. Because of 
these enhancements, the LT118A will improve the accu- 
racy of most applications. Unlike many wideband amplifi- 
ers, the LT11 8A is unity gain stable and has a slew rate of 
50V//is. When used in inverting amplifier applications, 
feedforward compensation can be used to achieve slew 
rates in excess of 150V//*s. Linear Technology 
Corporation’s advanced processing techniques make the 
LT118A an ideal choice for high speed applications. 
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LT1 18A/LT31 8A 
LM1 18/LM318 


absolute mnximum rrtirgs 


PRCKRG€/ORD€R IRFORfYIRTIOR 


Supply Voltage ±20V 

Differential Input Current (Note 1 ) ± 10mA 

Input Voltage (Note 2) ± 20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT118A/LM118 -55°Cto125°C 

LT318A/LM318 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 
COMP 2 



V-(CASE) 

METAL CAN H PACKAGE 


ORDER PART NUMBER 


LT118AH 

LM118H 

LT318AH 

LM318H 


TOP VIEW 



HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 


LT118AJ8 

LM118J8 

LT318AJ8 

LM318J8 

LT318AN8 

LM318N8 


€L€CTRICRL CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

L .. _ ... ... 

MIN 

LT118A 

TYP 

MAX 

MIN 

LM118 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 




D.$ 

1 


2 

4 

mV 




• 


1 

2 



6 

mV 

•os 

Input Offset Current 




6 

20 


6 

50 

nA 



• 


10 

30 



100 

nA 

•b 

Input Bias Current 




120 

250 


120 

250 

nA 




• 



500 



500 

nA 

Rin 

Input Resistance 



1 

3 


1 

3 


Mfl 

Av 

Large Signal Voltage Gain 

V s = ± 15V, Vqut = ± 1 0V, R L >2kl2 


100 

500 


50 

200 


V/mV 



• 

too 



25 



V/ mV 

SR 

Slew Rate 

V S =±15V, A v =1 


50 

70 


50 

70 


V/mS 

GBW 

Gain Bandwidth Product 

V s = ± 15V 


! 15 

L 15 

MHz 


Output Voltage Swing 

V s = ± 15V, R L =2k« 

• 

±12 

±13 


±12 

±13 


V 


Input Voltage Range 

V s = ± 15V 

• 

±11.5 



±11.5 



V 

•s 

Supply Current 




5 

8 


5 

8 

mA 




T a = 125°C 

! 


4.5 

7 


4.5 

7 

mA 

CMRR 

Common Mode Rejection 

Ratio 


• | 

86: 

100 


80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 


• 

86 

100 


70 

80 


dB 
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LT1 18A/LT318A 
LM1 18/LM318 


ELECTRICAL CHARACT€ftlSTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT318A 

MIN TYP MAX 

LM318 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 



0*5 1 

4 10 

mV 




• 

2 

15 

mV 

•os 

Input Offset Current 



10 20 

30 200 

nA 




• 

30 

750 

nA 

•b 

Input Bias Current 



150 250 

150 500 

nA 




• 

500 

750 

nA 

Rin 

Input Resistance 



0.5 3 

0.5 3 

m 

A v 

Large Signal Voltage Gain 

V s = ± 15V, V OUT =±10V, R l > 2kft 


100 500 

25 200 

V/mV 




• 

100 

20 

V/mV 

SR 

Slew Rate 

V S =±15V, A v = 1 


50 70 

50 70 

\//n s 

GBW 

Gain Bandwidth Product 

V s = ± 15V 


15 

15 

MHz 


Output Voltage Swing 

V s = ± 15V, R L =2kfl 

• 

±12 ±13 

±12 ±13 

V 


Input Voltage Range 

V s = ± 15V 

• 

±11.5 

±11.5 

V 

•s 

Supply Current 



5 10 

5 10 

mA 

CMRR 

Common Mode Rejection 


• 

86 100 

70 100 

dB 


Ratio 






PSRR 

Power Supply Rejection Ratio 


• 

86 100 

65 80 

dB 


The • denotes those specifications which apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 

Note 1: The inputs are shunted with back-to-back zeners for overvoltage 
protection. Excessive current will flow if a differential voltage greater than 
5 V is applied to the inputs. 


Note 2: For supply voltages less than ± 1 5 V, the maximum input voltage is 
equal to the supply voltage. 

Note 3: These specifications apply for ±5 V < V s < ± 20V. The power sup- 
plies must be bypassed with a 0. 1/*F or greater disc capacitor within 4 
inches of the device. 


TVPICAl P€RFORmARC€ CHARACTERISTICS 


Input Current 
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-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Power Supply Rejection 



u 

■ 

■ 

■ 

■ 

m 
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■ 
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I 

IS 

H 

■ 

u 

HI 
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u 
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CQ 



10 100 Ik 10k 100k 1M 10M 
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LT1 18A/LT31 8A 
LM1 18/LM318 



Feedforward Compensation for 
Slew Rates of 150V//*s 


5V/DIV 


0 0.4 0.8 1.6 2.0 2.4 

TIME— 0.2j*S/DIV 

•BALANCE CIRCUIT NECESSARY FOR 
INCREASED SLEW RATE 


Pulse Response of 
Feedforward Inverter 
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LT1 1 8A/LT31 8A 
LM1 18/LM318 


TYPICAL PCRFORmnnce chrrrctcristics 


Input Noise Voltage 



FREQUENCY (Hz) 


Common Mode Rejection 



100 Ik 10k 100k INI 10M 

FREQUENCY (Hz) 


Supply Current 







■ 






■ 



Zt)“U 



— 








-5E 

°C 



-- — 











1 



125 

°C 




" 


















4 l l i l i i 1 

5 10 15 20 

SUPPLY VOLTAGE (±V) 


Closed Loop Output Impedance 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Current Limiting 



0 5 10 15 20 25 30 

OUTPUT CURRENT (mA) 


LT118A Input Current 



DIFFERENTIAL INPUT VOLTAGE (V) 


Offset Balancing 


Overcompensation for 

Isolating Large Capacitive Loads Increased Stability 



XT UDEft 
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LT1 18A/LT318A 
LM1 18/LM318 


scTTunG Time CIRCUITS 

Settling Time Test Circuit 


5pF 




Alternate Compensation for 
Improved Settling Time 


v+ 



Settling Time 


tu 5V/DIV 

§ 

o 

> 

t— 

2 

o 5mV/DIV 


0.2/iS/DIV 



RppucnTions mFonmnnon 

Because of their wider bandwidth, the LT118A and LM118 
operational amplfiers require more application care than 
most general purpose low frequency amplifiers. One of 
the most critical requirements is that power supplies 
should be bypassed with a 0. VF (or larger) disc ceramic 
capacitor within an inch of the device. Also, stray capaci- 
tance at either the input or output can cause oscillation. 
While input capacitance can be compensated by placing a 
capacitor across the feedback resistor, load capacitance 
must be minimized or isolated as shown. Even the 50pF 
input capacitance of a IX scope probe can alter the 
response of the device. 


Settling time, an important parameter in many high speed 
amplifier applications, is difficult to measure and opti- 
mize. Settling time is very “application dependent” and 
is influenced by external components, layout and the 
amplifier. In general, the settling time to 0.01% can be 
minimized by using a circuit similar to that shown. In ad- 
dition to the compensation network shown, a capacitor is 
needed across the feedback resistor to minimize ringing. 

Power supply bypassing can also affect settling time. The 
amplifier has low power supply rejection ratio at high fre- 
quencies, so transients and ringing on the supply leads 
can appear at the output. Large (22/«F) solid tantalum 
capacitors are preferred to minimize supply aberrations. 


2-316 


umm 




LT1 1 8A/LT31 8A 
LM1 1 8/LM31 8 
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LT1 18A/LT31 8A 
LM1 18/LM318 


PACKAGE DCSCMPTIOn 


H Package J8 Package 

Metal Can 8 Lead Hermetic DIP 


SEATING _ 
PLANE 


0.010-0.045 
(0.254-1 143) 


, 0.305-0.335 
(7 747-8 509) 


=FHl=W- 


0.050 
(1 270) 
MAX 

_J 


GAUGE 

| PLANE 


0.165 — 0.185 
(4 191 -4.699) 

t 

0.500-0.750 
(12 70-19 05) 

t 



NOTE: DIMENSIONS IN INCHES 





NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PUNE 


Tjmax 

0ja 

0jc 

150°C 

150°C/W 

45°C/W 


N8 Package 
8 Lead Plastic 


Tjmax 


150°C 

100°C/W 





‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PUNE 


Tjmax 

®ia 

100°C 

130°C/W 
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LM318S8 


rrurm 

TECHNOLOGY 


F€ATUft€S 

■ 4mV Typ. Input Offset Voltage 

■ Guaranteed 25,000 Min. Gain 

■ Guaranteed 50V I ns Slew Rate 

■ 30nA Typ. Input Offset Current 

■ 15MHz Bandwidth 

■ Unity Gain Stable 


Appucnnons 

■ Wideband Amplifiers 

■ High Frequency Absolute Value Circuits 

■ D/A Converter Amplifiers 

■ Fast Integrators 


High Speed 
Operational Amplifier 

DCSCftlPTIOfi 

The LM318 is a high speed, unity gain stable operational 
amplifier designed for applications requiring high slew 
rate and wide bandwidth. Although the device is internally 
compensated for unity gain operation, external compensa- 
tion can be added for increased stability in reduced band- 
width applications. With a single capacitor, the 0.1% 
settling time is reduced to under 1/«s. Feedforward com- 
pensation can be used in inverting applications to in- 
crease slew rate to over 150 V//js and almost double the 
bandwidth. 


Voltage Follower 


Voltage Follower Pulse Response 



rrimm 
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LM318S8 


absolute mAximum aatiags 


Supply Voltage ± 20V 

Differential Input Current (Note 1) + 10mA 

Input Voltage (Note 2) ±20V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/OAD€A lAFOAfflATlOA 



TOP VIEW 


ORDER 

PART NUMBER 

COMP 1 |T 
— IN [7 
+ IN (7 
v- [7 

~ 

=>x 

7] COMP 2 

11 v+ 

7] OUT 

7] COMP 3 

LM318S8 


RR PACKARF 

PART MARKING 

PLASTIC SO 

318 


€L€CTAICAL CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LM318 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 




4 

10 

mV 




• 



15 

mV 

•os 

Input Offset Current 




30 

200 

nA 




• 



300 

nA 

•b 

Input Bias Current 




150 

500 

nA 




• 



750 

nA 

R.n 

Input Resistance 



0.5 

3 


MS! 

A v 

Large Signal Voltage Gain 

Vs=±15V,V OU t=±10V, R L >2kfi 


25 

200 


V/mV 




• 

20 



V/m V 

SR 

Slew Rate 

V s =±15V,A v = 1 


50 

70 

: 

V//4 s 

GBW 

Gain Bandwidth Product 

V s = ± 15V 


I « ; 

MHz 


Output Voltage Swing 

V s = ± 15V, R L = 2kQ 

• 

±12 

±13 


V 


Input Voltage Range 

V s = ± 15V 

• 

±11.5 



V 

•s 

Supply Current 




5 

10 

mA 

CMRR 

Common-Mode Rejection Ratio 


• 

70 

100 


dB 

PSRR 

Power Supply Rejection Ratio 


• 

65 

80 


dB 


The • denotes those specifications which apply over the full operating 
temperature range. 

Note 1: The inputs are shunted with back-to-back zeners for overvoltage 
protection. Excessive current will flow if a differential voltage greater than 
5V is applied to the inputs. 


Note 2: For supply voltages less than ± 15V, the maximum input voltage is 
equal to the supply voltage. 

Note3: These specifications apply for ±5V<V S ^ ± 20V. The power sup- 
plies must be bypassed with a 0. fyF or greater disc capacitor within 4 
inches of the device. 
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Operational Amplifier 


FCATUACS 


DCSCftlPTIOn 


■ Guaranteed max. 0.5mV/°C Drift 

■ Guaranteed max. 0.6/nV pk-pk Noise 

■ Guaranteed max. 2nA Bias Current 

■ Guaranteed minimum 114dB CMRR 


APPUCATIOAS 

■ Strain Gauges 

■ Thermocouple Amplifiers 

■ Instrumentation Amplifiers 

■ Medical Instruments 


The OP-05 is an internally compensated op-amp 
which provides excellent input offset voltage, low bias 
current, very high common mode rejection, and low 
offset voltage drift with temperature when the input 
offset voltage is externally trimmed to zero. Direct re- 
placement of similar devices in existing systems can 
result in significant system performance improvement 
without redesign. The 0P-05 is particularly well suited 
for instrumentation and low signal level applications 
where precision and stability over time and tempera- 
ture are important. Internal frequency compensation 
enhances the OP-05’s versatility for a wide variety of 
precision op-amp uses. Linear’s advanced design, 
process and test techniques ensure device perfor- 
mance as well as reliability. An instrumentation ampli- 
fier application is shown below. For higher 
performance requirements seethe LT1001 single pre- 
cision op amp and the LT1002 dual matched precision 
op amp series. 


Instrumentation Amplifier 


V + 



Trimmed Offset Voltage with Temperature of Six 
Representative Units 

(Offset Trimmed to Zero at 25°C with 20kft Pot) 



-75 -25 25 75 125 

TEMPERATURE (°C) 





OP-05 


absolute mnximum rnmnos 

Supply Voltage ±22V 

Differential Input Voltage ± 30V 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

OP-05 /OP-05A — 55°Cto 125°C 

OP-05E/OP-05C 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORfRflTIOn 


TOP VIEW 

OFFSET 

ADJUST 

-IN (|r^> © OUT 

+ IN NO 

v- 

METAL CAN H PACKAGE 

ORDER PART NO. 

OFFSET 

VOLTAGE 

MAX 

OP-05AH 

0P-05H 

OP-05EH 

OP-05CH 

’ 0.1 5mV 
0.5mV 
0.5mV 
1.3mV 

OFFSET 
ADJUST 1 C 

-IN 2 C 
+IN 3 C 
V- 4 C 

TOP VIEW 

OFFSET 
□ 8 ADJUST 

17 V+ 

1 6 OUT 
15 NC 

OP-05AJ8 

OP-05J8 

OP-05EJ8 

0P-05CJ8 

0P-05EN8 

OP-05CN8 

0.1 5mV 

0.5mV 

0.5mV 

1.3mV 

0.5mV 

1.3mV 

HERMETIC J8 PACKAGE 

PLASTIC DIP N8 PACKAGE 


6L6CTRICRL CHRRRCTCRISTICS V s = ± 1SV. T» = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-05A 

MIN TYP MAX 

0P-05 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


0.07 0.15 

0.2 0.5 

mV 

AV 0 s 

ATime 

Long Term Input Offset Voltage 
Stability 

(Notes 1 and 2) 

0.2 1.0 

0.2 1.0 

/iV/Month 

•os 

Input Offset Current 


0.7 2.0 

1.0 2.8 

nA 

•b 

Input Bias Current 


±0.7 ±2.0 

±1.0 ±3.0 

nA 

®n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 

0.35 0.6 

0.35 0.6 

mV p - p 


Input Noise Voltage Density 

f 0 = 10Hz 

f 0 = 100Hz (Note 2) 
f 0 = 1000Hz 

10.3 18.0 

10.0 13.0 

9.6 11.0 

10.3 18.0 

10.0 13.0 

9.6 11.0 

nV/N/fiz 

in 

Input Noise Current 

0.1Hz to 10Hz (Note 2) 

14 30 

14 30 

PAp-p 


Input Noise Current Density 

f 0 = 10Hz 

f 0 = 100Hz (Note 2) 
f 0 = 1000Hz 

0.32 0.80 

0.14 0.23 

0.12 0.17 

0.32 0.80 

0.14 0.23 

0.12 0.17 

pa/Vhz 

R|n 

Input Resistance Differential Mode 

(Note 3) 

30 80 

20 60 

m 


Input Resistance Common Mode 


200 

200 

Gfi 


Input Voltage Range 


±13.5 ±14.0 

±13.5 ±14.0 

V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 13.5V 

114 126 

114 126 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 

100 108 

100 108 

dB 

Avol 

Large Signal Voltage Gain 

R l > 2kO, V 0 - ± 10V 

R l > 50012, V 0 - ±0.5V 

V s = ±3V (Note 3) 

300 500 

150 500 

200 500 

150 500 

V/mV 

VoUT 

Maximum Output Voltage Swing 

Rl > 10kl2 

R l > 2kl2 

R l > 1kl2 

±12.5 ±13.0 
±12.0 ±12.8 
±10.5 ±12.0 

±12.5 ±13.0 
±12.0 ±12.8 
±10.5 ±12.0 

V 

SR 

Slew Rate 

R l > 2kl2 (Note 2) 

0.1 0.3 

0.1 0.3 

V/fiS 

GBW 

Closed Loop Bandwidth 

Avcl — + 1 (Note 2) 

0.4 0.6 

0.4 0.6 

MHz 

Z 0 

Open Loop Output Impedance 

V 0 - 0, l 0 - 0, f - 10Hz 

60 

60 

12 

Pd 

Power Dissipation 

No load 

V s = ±3V, No load 

90 120 

4 6 

90 120 

4 6 

mW 


Offset Adjustment Range 

Null Pot = 20kl2 

±4 

±4 

mV 


See Notes on page 2-324 
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OP-05 


ELECTRICAL CHARACTERISTICS V s = ± 15V, — 55°C < T A < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-05A 

MIN TYP MAX 

0P-05 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 

0.10 0.24 

0.3 0.7 

mV 

-4.Yss_ 

ATemp 

Average Input Offset Voltage Drift 
Without External Trim 

With External Trim 

Null Pot - 20k n (Note 2) 


0.3 0.9 

0.2 0.5 

0.7 2.0 

0.3 1.0 

mV/°C 

tos 

Input Offset Current 



1.0 4.0 

1.8 5.6 

nA 

Alos 

ATemp 

Average Input Offset Current Drift 

(Note 2) 


5 25 

8 50 

pA/°C 

•b 

Input Bias Current 



±1.0 ±4.0 

±2.0 ±6.0 

nA 

Ale 

ATemp 

Average Input Bias Current Drift 

(Note 2) 


8 25 

13 50 

pA/°C 


Input Voltage Range 



±13.0 ±13.5 

±13.0 ±13.5 

V 

CMRR 

Common Mode Rejection Ratio 

V CM - ± 13V 


110 123 

110 123 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 


94 106 

94 106 

dB 

Avol 

Large Signal Voltage Gain 

R l > 2kQ, V 0 = ± 10V 


200 400 

150 400 

V/mV 

VoUT 

Output Voltage Swing 

R l > 2kfi 


±12.0 ±12.6 

±12.0 ±12.6 

V 


ELECTRICAL CHARACTERISTICS V s = ±15V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-05E 

MIN TYP MAX 

0P-05C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


0.2 0.5 

0.3 1.3 

mV 

AV 0 s 

ATime 

Long Term Input Offset Voltage 
Stability 

(Notes 1 and 2) 

0.3 1.5 

0.4 2.0 

jiV/Month 

•os 

Input Offset Current 


1.2 3.8 

1.8 6.0 

nA 

Ib 

Input Bias Current 


±1.2 ±4.0 

±1.8 ±7.0 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 

0.35 0.6 

0.38 0.65 

^Vp-p 


Input Noise Voltage Density 

f 0 = 10Hz 

f 0 = 100Hz (Note 2) 
f« = 1000Hz 

10.3 18.0 

10.0 13.0 

9.6 11.0 

10.5 20.0 

10.2 13.5 

9.8 11.5 

nV/VHz 

in 

Input Noise Current 

0.1Hz to 10Hz (Note 2) 

14 30 

15 35 

pAp-p 


Input Noise Current Density 

f 0 = 10Hz 

f 0 - 100Hz (Note 2) 
f 0 = 1000Hz 

0.32 0.80 

0.14 0.23 

0.12 0.17 

0.35 0.90 

0.15 0.27 

0.13 0.18 

pA/VHz 

Rin 

Input Resistance Differential Mode 

(Note 3) 

15 50 

8 33 

m 


Input Resistance Common Mode 


160 

120 

Gfi 


Input Voltage Range 


±13.5 ±14.0 

±13.5 ±14.0 

V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 13.5V 

110 123 

100 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 

94 106 

90 104 

dB 

Avol 

Large Signal Voltage Gain 

R l > 2kfl, V 0 = ± 10V 

R l > 5000, V 0 = ±0.5V 

V s = ±3V (Note 3) 

200 500 

150 500 

120 400 

100 400 

V/mV 

Vout 

Maximum Output Voltage Swing 

R l > lOkfi 

R l > 2kfi 

R l > Ikfi 

±12.5 ±13.0 
±12.0 ±12.8 
±10.5 ±12.0 

±12.0 ±13.0 
±11.5 ±12.8 
± 12.0 

V 

SR 

Slew Rate 

R l > 2kfi (Note 2) 

0.1 0.3 

0.1 0.3 

V/ M S 

GBW 

Closed Loop Bandwidth 

Avol = + 1 (Note 2) 

0.4 0.6 

0.4 0.6 

MHz 

Z 0 

Open Loop Output Impedance 

V 0 = 0, l 0 = 0, f = 10Hz 

60 

60 


Pd 

Power Dissipation 

No load 

V s = ±3V, No load 

90 120 

4 6 

95 150 

4 8 

mW 


Offset Adjustment Range 

Null Pot = 20kfl 

±4 

±4 

mW 


See Notes on page 2-324 
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OP-05 


ELECTRICAL CHARACTERISTICS v s - ±m o»c <t a < 70 c 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-05E 

MIN TYP MAX 

0P-05C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 


• 

0.25 0.6 

0.35 1.6 

mV 

AV 0S 

ATemp 

Average Input Offset Voltage Drift 
Without External Trim 

With External Trim 

Null Pot - 20kn (Note 2) 


0.7 2.0 

0.2 0.6 

1.3 4.5 

0.4 f.5 

/iV/°C 

•os 

Input Offset Current 



1.4 5.3 

2.0 8.0 

nA 

Alos 

ATemp 

Average Input Offset Current Drift 

(Note 2) 


8 35 

12 50 

pA/°C 

Ib 

Input Bias Current 



±1.5 ±5.5 

±2.2 ±9.0 

nA 

AIb 

ATemp 

Average Input Bias Current Drift 

(Note 2) 


13 35 

18 50 

pA/°C 


Input Voltage Range 



± 13.0 ± 13.5 

±13.0 ±13.5 

V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 13V 


107 123 

97 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 


90 103 

86 100 

dB 

Avol 

Large Signal Voltage Gain 

R l > 2k n, V 0 = ± 10V 


180 450 

100 400 

V/mV 

Vout 

Output Voltage Swing 

R l > 2kD 


±12.0 ±12.6 

±11.0 ±12.6 

V 


The • denotes the specifications which appiy over the full operating 
temperature range. 

Note 1: Long term offset voltage stability is the average value of 
offset voltage vs. time plotted over extended periods following 30 
days of operation. Values for time under 30 days of operation are 
typically 2.5/*V following the first hour of operation. 

Note 2: This parameter is sample tested. 

Noto 3: This parameter is guaranteed by design. 
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ABSOLUTE CHANGE IN INPUT OFFSET VOLTAGE (mV) CMRR (dB) 


TYPICAL PCRFORfYlAACC CHARACTERISTICS 


Low Frequency Noise 
(Closed Loop Gain = 25,000) 



0 2 4 6 8 10 

TIME - SECONDS 


Total Input Noise Voltage 
vs Frequency 



1.0 10 100 1000 
FREQUENCY (Hz) 


Open-Loop 
Frequency Response 



N 









$ 



Vs = 
Ta = 

±15 

25°C 

/ 










s| 
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■ 

■ 

m 

■ 

■ 

■ 


K 

■ 

■ 

■ 


0.1 1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common Mode Rejection Ratio 
vs Frequency 



Power Supply Rejection Ratio 
vs Frequency 



0.1 1.0 10 100 Ik 10k 

FREQUENCY (Hz) 


Long Term Stability of Four 
Representative Units 



Warm-Up Drift 


w 

11 A 

>5°C 
+ 15V 



















■ 





0 1 2 3 4 5 


Offset Voltage Change Due 
to Thermal Shock 



Open-Loop Gain vs 
Temperature 



-50 0 50 100 


TIME AFTER POWER SUPPLY TURN ON (MINUTES) 


TIME (SECONDS) 


TEMPERATURE (°C) 


XTU0S» 
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QP-05 

typical pcRFonmnncc characteristics 


Input Bias Current vs 
Temperature 



-50 0 50 100 

TEMPERATURE (°C) 


Input Offset 

Current vs Temperature 



-50 0 50 100 

TEMPERATURE (°C) 


30 



-30 


Maximum Error vs 
Source Resistance 



Maximum Error vs 
Source Resistance 



0.1 1.0 10 100 


MATCHED OR UNMATCHED SOURCE RESISTANCE (kQ) 


SOURCE RESISTANCE (kO) 


Output Voltage vs 
Load Resistance 



0.1 1.0 10 


Power Consumption 



0 20 40 60 


35 


o 25 
o 



15 


LOAD RESISTANCE TO GROUND (kQ) 


TOTAL SUPPLY VOLTAGE, V+ TO V- (VOLTS) 


Input Bias Current vs 
Differential Input Voltage 



30 -20 -10 0 10 20 30 

DIFFERENTIAL INPUT VOLTAGE (VOLTS) 


Maximum Error vs 
Source Resistance 



).1 1.0 10 100 
MATCHED SOURCE RESISTANCE (kQ) 


Output Short-Circuit 
Current vs Time 



V S = ± 15V 
Ta = +25°C 


0 12 3 4 

TIME FROM OUTPUT BEING SHORTED (MINUTES) 
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OP-05 


scHcmnTic DiflGRnm 



T€ST CIRCUIT DIRGRRR1S 

Offset Voltage Test Circuit t 


R1 



A v = 1000 


t This circuit is also used as the burn-in configuration 
with supply voltages changed to ±20 V, R1 =R3 = 10k, 
R2 = 200Q, A v = 100. 


Offset Nulling and Low 
Frequency Noise Test Circuit 


+ 15V 



2.5M 

NOTES: 

1) RC APPROXIMATELY 10Hz FILTER 

2) OBSERVE OUTPUT FOR 10 SECONDS 
Ay = 25000 

Application Tip 

When the 0P-05 is used as a replacement in 725, 108/108A, 308/308A applications, 
removal of external compensation is optional. For conventionally nulled 741 type appli- 
cations, external trimming should be removed. Care should be taken to avoid thermo- 
couple voltages caused by temperature variations between the input terminals or 
dissimilar metals. 


/TuntAP 
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PACKAGE DCSCAIPTIOA 

H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 




NOTE' DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED NOTE DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED. 

•LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 'LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

0 ia 


Tjmax 

®ja 

150°C 

100°C/W 


100°C 

130°C/W 
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OP-07 


/Turm 

technology 


F€ATUR€S 

■ Guaranteed 25 iAI max. Offset Voltage 

■ Guaranteed 0.6fAI/°C max. Offset Voltage 

Drift with Temperature 

■ Excellent tO^V/ Month max. Long Term Stability 

■ Guaranteed 0.6/tV p _p max. Noise 

■ Guaranteed 2.0nA max. Input Bias Current 


nppucRTions 

■ Thermocouple Amplifiers 

■ Strain Gauge Amplifiers 

■ Low Level Signal Processing 

■ Medical Instrumentation 


Precision Operational 
Amplifier 

DCSCRIPTIOn 

The OP-07 offers excellent performance in applica- 
tions requiring low offset voltage, low drift with time 
and temperature and very low noise. Linear’s OP-07 is 
interchangeable with many of the precision op-amp 
device types. The 0P-07 also offers a wide input volt- 
age range, high common mode rejection and low input 
bias current. These features result in optimum perfor- 
mance for small signal level and low frequency appli- 
cations. Use of advanced design, processing and 
testing techniques make Linear’s OP-07 a superior 
choice over similar products. A buffered reference ap- 
plication is shown below. For single op amp applica- 
tions requiring higher performance, see the LT1001 
and for matched dual precision applications see the 
LT1002. 


Precision Buffered Single Supply Reference 



Offset Voltage Drift With Temperature 
Of Representative Units 



-75 -25 25 75 125 

TEMPERATURE (°C) 


The OP-07 contributes less than 5% of the total drift with temperature, noise 
and long term drift of the reference application. 


rrunm 
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OP-07 


absolute mnximum ratirgs 


Supply Voltage ±22 V 

Differential Input Voltage ±30V 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

OP-07/OP-07A — 55°Cto 125°C 

OP-07E/OP-07C 0°Cto 70°C 

Storage Temperature Range 
All Devices -65°Cto150°C 


Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORmATlOA 


TOP VIEW 

OFFSET 

ADJUST 

ORDER PART NO. 

OFFSET 

VOLTAGE 

(MAX) 

— !N (6) OUT 

+ NC 

V- (CASE) 

METAL CAN H PACKAGE 

OP-07AH 

OP-07H 

OP-07EH 

OP-07CH 

25/iV 

75/uV 

75/uV 

150 m V 

Vos 

TRIM i £2 
-IN 2 C 
+IN 3 C 
V- 4 C 

TOP VIEW 

+ 

Vos 

38 TRIM 

3 7 V + 

3 6 OUT 

3 5 NC 

OP-07AJ8 

OP-07J8 

OP-07EJ8 

OP-07CJ8 

OP-07EN8 

OP-07CN8 

25/u.y 

75i*\l 

75/xV 

150mV 

75/iV 

150/iV 

HERMETIC DIP J8 PACKAGE 

PLASTIC'DIP N8 PACKAGE 


ELECTRICAL CHARACTERISTICS V s = ± 15V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-07A 

MIN TYP MAX 

0P-07 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

10 25 

30 75 

nV 

AV 0S 

ATime 

Long Term Input Offset Voltage 
Stability 

(Notes 2 and 3) 

0.2 1.0 

0.2 1.0 

AtV/Month 

•os 

Input Offset Current 


0.3 2.0 

0.4 2.8 

nA 

•b 

Input Bias Current 


±0.7 ±2.0 

±1.0 ±3.0 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 

0.35 0.6 

0.35 0.6 

^Vp-p 


Input Noise Voltage Density 

f 0 = 10Hz 

f 0 = 100Hz (Note 2) 
f 0 = 1000Hz 

10.3 18.0 

10.0 13.0 

9.6 11.0 

10.3 18.0 

10.0 13.0 

9.6 11.0 

nV/VHz 

•n 

Input Noise Current 

0.1Hz to 10Hz (Note 2) 

14 30 

14 30 

PAp-p 


Input Noise Current Density 

f 0 = 10Hz 

f 0 = 100Hz (Note 2) 
f 0 = 1000Hz 

0.32 0.80 

0.14 0.23 

0.12 0.17 

0.32 0.80 

0.14 0.23 

0.12 0.17 

pA/VHz 

Rin 

Input Resistance Differential Mode 

(Note 4) 

30 80 

20 60 

Mtt 


Input Resistance Common Mode 


200 

200 

Gfi 


Input Voltage Range 


±13.5 ±14.0 

±13.5 ±14.0 

V 

CMRR 

Common Mode Rejection Ratio 

V C m ~ ± 13V 

110 126 

110 126 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 

100 108 

100 108 

dB 

Avol 

Large Signal Voltage Gain 

R l >2kl2, V 0 = ± 10V 

R l > 50012, V 0 = ±0.5V 

V s = ±3V (Note 4) 

300 500 

150 400 

200 500 

150 400 

V/mV 

VoUT 

Maximum Output Voltage Swing 

R l > lOkfi 

R l > 2kfi 

R l > Ikft 

±12.5 ±13.0 
±12.0 ±12.8 
±10.5 ±12.0 

±12.5 ±13.0 
±12.0 ±12.8 
±10.5 ±12.0 

V 

SR 

Slew Rate 

R l > 2kfi (Note 4) 

0.1 0.25 

0.1 0.25 

V/mS 

GBW 

Closed Loop Bandwidth 

Avcl = + 1 (Note 4) 

0.4 0.6 

0.4 0.6 

MHz 

Z 0 

Open Loop Output Impedance 

V 0 - 0, l 0 - 0, f - 10Hz 

60 

60 


Pd 

Power Dissipation 

V s - ± 15V 

V s = ±3V 

75 120 

4 6 

75 120 

4 6 

mW 


Offset Adjustment Range 

Null Pot = 20kS2 

±4 

±4 

mV 


See Notes on page 2-332 
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OP-07 


electrical characteristics V 8 = ± 15V, — 55°C < T* < 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-07A 

MIN HP MAX 

0P-07 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 


25 60 

© 

ro 

§ 

mV 

av 9§ 

ATemp 

Average Input Offset Voltage Drift 
Without External Trim 

With External Trim 

Null Pot = 20kO (Note 2) 


0.2 0.6 

0.2 0.6 

0.3 1.3 

0.3 1.3 

m V/°C 

•os 

Input Offset Current 



0.8 4.0 

1.2 5.6 

nA 

Alps 

ATemp 

Average Input Offset Current Drift 

(Note 2) 


5 25 

8 50 

pA/°C 

Ib 

Input Bias Current 



±1.0 ±4.0 

±2.0 ±6.0 

nA 

AIb 

ATemp 

Average Input Bias Current Drift 

(Note 2) 


8 25 

13 50 

pA/°C 


Input Voltage Range 



±13.0 ±13.5 

± 13.0 ± 13.5 

V 

CMRR 

Common Mode Rejection Ratio 

V C m= ± 13V 


106 123 

106 123 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 


94 106 

94 106 

dB 

Avol 

Large Signal Voltage Gain 

R l > 2kO, V 0 = ± 10V 


200 400 

150 400 

V/mV 

Voui 

Output Voltage Swing 

R l > 2kO 


±12.0 ±12.6 

±12.0 ±12.6 

V 


ELECTRICAL CHARACTERISTICS V s = ± 15V, T a = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

0P-O7E 

TYP 

MAX 

MIN 

0P-07C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 


30 

75 


60 

150 

mV 

AVos 

Long Term Input Offset Voltage 









ATime 

Stability 

(Notes 2 and 3) 


0.3 

1.5 


0.4 

2.0 

/uV/Month 

los 

Input Offset Current 



0.5 

3.8 


0.8 

6.0 

nA 

Ib 

Input Bias Current 



±1.2 

±4.0 


±1.8 

±7.0 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Note 2) 


0.35 

0.6 


0.35 

0.65 

mV p . p 


Input Noise Voltage Density 

f 0 - 10Hz 


10.3 

18.0 


10.5 

20.0 

nV/vfe 



f 0 = 100Hz (Note 2) 


10.0 

13.0 


10.2 

13.5 



f 0 - 1000Hz 


9.6 

11.0 


9.8 

11.5 


In 

Input Noise Current 

0.1Hz to 10Hz (Note 2) 


14 

30 


15 

35 

pAp-p 


Input Noise Current Density 

f 0 - 10Hz 


0.32 

0.80 


0.32 

0.90 

pA/VHz 



f 0 = 100Hz (Note 2) 


0.14 

0.23 


0.15 

0.27 



f 0 = 1000Hz 


0.12 

0.17 


0.13 

0.18 


Rin 

Input Resistance Differential Mode 

(Note 4) 

15 

50 


8 

33 


MO 


Input Resistance Common Mode 


! 160 . I 

! 120 | 

GO 


Input Voltage Range 


±13.5 

±14.0 


±13.0 

±14.0 


V 

CMRR 

Common Mode Rejection Ratio 

V CM = ± 13V 

106 

123 


100 

120 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ± 18V 

94 

106 


90 

104 


dB 

Avol 

Large Signal Voltage Gain 

R L >2kO,V 0 = ±10V 

200 

500 


120 

400 





R l > 5000, V 0 = ±0.5V 

150 

400 


100 

400 


V/mV 



V s = ±3V (Note 4) 








Vo 

Maximum Output Voltage Swing 

R l > lOkO 

±12.5 

±13.0 


±12.5 

±13.0 





R l > 2kO 

±12.0 

±12.8 


±11.5 

±12.8 


V 



R l > IkO 

±10.5 

±12.0 



±12.0 



SR 

Slewing Rate 

R l > 2kO (Note 2) 

0.1 

0.25 


0.1 

0.25 


y/nS 

GBW 

Closed Loop Bandwidth 

A V cl = +1 (Note 2) 

0.4 

0.6 


0.4 

0.6 


MHz 

Zo 

Open Loop Output Impedance 

V 0 - 0, l 0 - 0, f - 10Hz 

| 60 

j 60 

0 

Pd 

Power Dissipation 

V s = ± 15V. 


75 

120 


80 

150 

mW 



V s = ±3V. 


4 

6 


4 

8 

mW 


Offset Adjustment Range 

Null Pot = 20kO 

| ±4 

| ±4 

mV 


See Notes on page 2-332 
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OP-07 


€l€CTRICRl CHRRRCTCRISTICS V$ = ± 15V, 0°C < T* < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-07E 

MIN TYP MAX 

0P-07C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 



45 130 

85 250 

AV 

AV 0S 

ATemp 

Average Input Offset Voltage Drift 
Without External Trim 

With External Trim 

Null Pot = 20kQ (Note 2) 


0.3 1.3 

0.3 1.3 

0.5 1.8 

0.4 1.6 

mV/°C 

•os 

Input Offset Current 



0.9 5.3 

1.6 8.0 

nA 

_ai 2S _ 

ATemp 

Average Input Offset Current Drift 

(Note 2) 


8 35 

12 50 

pA/°C 

Ib 

Input Bias Current 



±1.5 ±5.5 

±2.2 ±9.0 

nA 

Alp 

ATemp 

Average Input Bias Current Drift 

(Note 2) 

: 

.... 


13 35 

18 50 

pA/°C 


Input Voltage Range 



±13.0 ±13.5 

±13.0 ±13.5 

V 

CMRR 

Common Mode Rejection Ratio 

V C m ~ ± 13V 


103 123 

97 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3V to ±18V 


90 104 

86 100 

dB 

Avol 

Large Signal Voltage Gain 

R l > 2kO, V 0 = ± 10V 


180 450 

100 400 

V/mV 

Vout 

Output Voltage Swing 

R l > 2kfi 


±12.0 ±12.6 

±11.0 ±12.6 

V 


The • denotes the specifications which apply over full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Offset voltage for the OP-07 A is measured 60 seconds after 
power is applied. All other grades are measured with high speed test 
equipment, approximately 1 second after power is applied. 

Note 2: This parameter is tested on a sample basis only. 


Note 3: Long term Input Offset Voltage Stability refers to the 
averaged trend line of V 0 s versus Time over extended periods after 
the first 30 days of operation. Excluding the initial hour of operation, 
changes in V 0 s during the first 30 operating days are typically 2.5/xV. 
Note 4: This parameter is guaranteed by design. 

Note 5: The 0P-07D is available by special request. 
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OP-07 


TYPICAL PCRFORmnnce CHARACTERISTICS 


Low Frequency Noise Total Input Noise Voltage 

(Closed Loop Gain = 25,000) vs Frequency 




0 2 4 6 8 10 1 0 10 100 1000 
TIME - SECONDS FREQUENCY (Hz) 


Open-Loop 



0.1 1 10 100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 



Common Mode Rejection Ratio 



1.0 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
vs Frequency 



0.1 1.0 10 100 Ik 10k 

FREQUENCY (Hz) 


Long Term Stability of Four 
Representative Units 



TIME (MONTHS) 


Warm-Up Drift 


I 

S 15 


I* 5 


Ta = 
_Vs = 

!5°C 
+ 15V 


















A 






0 1 2 3 4 5 

TIME AFTER POWER SUPPLY TURN ON (MINUTES) 


Offset Voltage Change Due 
to Thermal Shock 



TIME (SECONDS) 


Open-Loop Gain vs 
Temperature 



-50 0 50 100 

TEMPERATURE (°C) 
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O P-07 


TVPicni p€RFonmnnc€ characteristics 


Input Bias Current vs 
Temperature 



-50 0 50 100 


Input Offset 

Current vs Temperature 



— 50 0 50 100 


input Bias Current vs 
Differential Input Voltage 



-30 -20 -10 0 10 20 30 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


DIFFERENTIAL INPUT VOLTAGE (VOLTS) 


Maximum Error vs 
Source Resistance 



0.1 1.0 10 100 


MATCHED OR UNMATCHED SOURCE RESISTANCE (kfi) 


Output Voltage vs 
Load Resistance 



0.1 1.0 10 
LOAD RESISTANCE TO GROUND (k 0) 


Maximum Error vs 
Source Resistance 



0.1 1.0 10 100 
MATCHED OR UNMATCHED SOURCE RESISTANCE (kfl) 


Power Consumption 
vs Power Supply 



0 20 40 60 

TOTAL SUPPLY VOLTAGE, V+ TO V- (VOLTS) 


Maximum Error vs 
Source Resistance 



0.1 1.0 10 100 
MATCHED OR UNMATCHED SOURCE RESISTANCE (kfl) 


Output Short-Circuit 
Current vs Time 



0 12 3 4 


TIME FROM OUTPUT BEING SHORTED (MINUTES) 
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OP-07 


TYPICAL APPLICATIOflS 


Precision Summing Amplifier Instrumentation Amplifier 



A v = 100 


T€ST CIRCUIT DIRGRAIRS 

Offset Voltage Test Circuit * 


R1 



A v = 1000 


t This circuit is also used as the burn-in configuration 
with supply voltages changed to ±20V, R1 = R3 = 10k, 
R2 = 200Q, A v = 100. 


Offset Nulling and Low 
Frequency Noise Test Circuit 


+ 15V 



NOTES: 

1) RC APPROXIMATELY 10Hz FILTER 

2) OBSERVE OUTPUT FOR 10 SECONDS 
A/ = 25000 

Application Tip: 

When the OP-07 is used as a replacement in 725, 108/108A, 308/308A applications, 
removal of external compensation is optional. For conventionally nulled 741 type appli- 
cations, external trimming should be removed. Care should taken to avoid thermocou- 
ple voltages caused by temperature variations between the input terminals or dissimilar 
metals. 
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PflCKflGC DCSCRIPTIOn 


H Package J8 Package N8 Package 

Metal Can 8 Lead Hermetic Dip 8 Lead Plastic 





NOTE’ DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 


•LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


•LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tpax 

9 ia 

®jc 


Tjmax 

0 ia 

150°C 

150°C/W 

45°C/W 


150°C 

100°C/W 


Tjmax 

®ia 

100°C 

130°C/W 
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OP-07CS8 


rrunm 

JKkmfF TECHNOLOGY 


FCATURCS 

■ Guaranteed WiN max. Offset Voltage 

■ Guaranteed 1 .8/tV/°C max. Offset Voltage Drift with 

Temperature 

■ Excellent 2.0/iV/Month max. Long Term Stability 

■ Guaranteed 0.65/rVp-p max. Noise 

■ Guaranteed Ink max. Input Bias Current 

APPUCATIOAS 

■ Thermocouple Amplifiers 

■ Strain Gauge Amplifiers 

■ Low Level Signal Processing 

■ Medical Instrumentation 


Precision Operational 
Amplifier 


DCSCAIPTIOn 

The OP-07 offers excellent performance in applications re- 
quiring low offset voltage, low drift with time and tempera- 
ture and very low noise. Linear’s OP-07 is interchangeable 
with many of the precision op amp device types. The 
OP-07 also offers a wide input voltage range, high com- 
mon-mode rejection and low input bias current. These fea- 
tures result in optimum performance for small signal level 
and low frequency applications. Use of advanced design, 
processing and testing techniques make Linear’s OP-07 a 
superior choice over similar products. A buffered refer- 
ence application is shown below. For single op amp ap- 
plications requiring higher performance in the SO 
package, seethe LT1001CS8. 


Precision Buffered Single Supply Reference Long Term Stability of Four 

Representative Units 




The OP-07 contributes less than 5% of the total drift with temperature, noise 
and long term drift of the reference application. 


rruneAB 

TECHNOLOGY 


2-337 





OP-07CS8 


absolute maximum ratiags 


Supply Voltage ±22V 

Differential Input Voltage ± 30V 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range 

All Devices - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORI)€R lAFORmATlOA 





ORDER PART NUMBER 





OP-07CS8 

Vos TRIM [7 
-IN |7 

+ IN [7 
v- [7 

- 

— 

S>~L 

7 ] v os TRIM 

3 V + 

7] OUT 

7] NC 



PART MARKING 


S8 PACKAGE 
PLASTIC SO 


OP07CS8 


€l€CTRICAl CHARACTERISTICS v s = ± 15V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

OP-07CS8 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 


60 

150 

/iV 

AVqs 

Long Term Input Offset Voltage Stability 

(Notes 2 and 3) 


0.4 

2.0 

jtV/Month 

ATime 







•os 

Input Offset Current 



0.8 

6.0 

nA 

•b 

Input Bias Current 



±1.8 

±7.0 

nA 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 2) 


0.35 

0.65 

MVp-p 


Input Noise Voltage Density 

f 0 = 10Hz 


10.5 

20.0 

nV/VRz 



f 0 = 100Hz (Note 2) 


10.2 

13.5 

nV/VHz 



f 0 = 1000Hz 


9.8 

11.5 

nVh/Hz 

•n 

Input Noise Current 

0.1 Hz to 10Hz (Note 2) 


15 

35 

pAp-p 


Input Noise Current Density 

f o = 10Hz 


0.32 

0.90 

pA/VHz 



f 0 = 100Hz (Note 2) 


0.15 

0.27 

pA/VHz 



f 0 = 1000Hz 


0.13 

0.18 

pA/VHz 

^in 

Input Resistance Differential Mode 

(Note 4) 

8 

33 


MU 


Input Resistance Common-Mode 


! 120 | 

GO 


Input Voltage Range 


±13.0 

±14.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V cm =±13V 

100 

120 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3Vto ±18V 

90 

104 


dB 

a vol 

Large Signal Voltage Gain 

R L =2kQ,V 0 = ±10V 

120 

400 


V/mV 



R l = 50012, V 0 = ± 0.5V 

100 

400 


V/mV 



V s = ± 3V (Note 4) 





v 0 

Maximum Output Voltage Swing 

R L = 10kfl 

±12.5 

±13.0 


V 



R L >2kfl 

±11.5 

±12.8 


V 



R L >1kQ 


±12.0 


V 

SR 

Slewing Rate 

R L >2kfi (Note 2) 

0.1 

0.25 


V/ M s 

GBW 

Closed Loop Bandwidth 

A VO l= +1 (Note 2) 

0.4 

0.6 


MHz 

4 

Open Loop Output Impedance 

V o =0, 1 0 = 0, f = 10Hz 

| 60 

0 

Pd 

Power Dissipation 

V s = ± 15V 


80 

150 

mW 



V s = ±3V 


4 

8 

mW 


Offset Adjustment Range 

Null Pot = 20k0 

! ±4 

mV 
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OP-07CS8 


ELECTRICAL CHARACTERISTICS V$ = ± 15V, 0°C <Ta < 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

OP-07CS8 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 


• 

85 250 

/iV 

AVqs 

ATemp 

Average Input Offset Voltage Drift 

Without External Trim 

With External Trim 

Null Pot = 20kQ (Note 2) 

• 

0.5 1.8 

0.4 1.6 

/|V/ 0 c 
/|V/°C 

•os 

Input Offset Current 


• 

1.6 8.0 

nA 

Alos 

ATemp 

Average Input Offset Current Drift 

(Note 2) 

• 

12 50 

pA/°C 

•b 

Input Bias Current 


• 

±2.2 ±9.0 

nA 

ai b 

ATemp 

Average Input Bias Current Drift 

(Note 2) 

# l 

18 50 

'pA/°C 


Input Voltage Range 



±13.0 ±13.5 

V 

CMRR 

Common-Mode Rejection Ratio 

Vcm=±13V 


97 120 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±3Vto ±18V 

• 

86 100 

dB 

a vol 

Large Signal Voltage Gain 

R L >2kQ, V 0 = ±10V 


100 400 

V/mV 

VoUT 

Output Voltage Swing 

R L >2kfi 


±11.0 ±12.6 

V 


The • denotes specifications which apply over the full operating tempera- 
ture range. 

Note 1: Offset voltage is measured with high speed test equipment, ap- 
proximately 1 second after power is applied. 

Note 2: This parameter is tested on a sample basis only. 


Note 3: Long Term Input Offset Voltage Stability refers to the averaged 
trend line of V os versus Time over extended periods after the first 30 days of 
operation. Excluding the initial hour of operation, changes in V 0 s during the 
first 30 operating days are typically 2.5pV. 

Note 4: This parameter is guaranteed by design. 


XTIUSS 


2-339 





NOTES 



2-340 


umm 



OP-15/OP-16 


rrium 

TECHNOLOGY Precision, High Speed JFET-Input 

Operational Amplifiers 


F€OTUR€S 

■ Improved Specifications Compared to 
LF155/156 Devices 

■ Guaranteed Low Offset Voltage 5(%V Max. 

■ Guaranteed Low Offset Drift 5/*V/°C Max. 

■ Guaranteed Bias Current Fully 
Warmed-Up over Temperature 

■ OP-15: LF156 Speed with LF155 Power Dissipation 

Guaranteed Supply Current 4mA Max. 

Guaranteed Slew Rate 10V//*sMin. 

■ OP-16: 

Guaranteed Faster Slew Rate 18V//*s Min. 

No High Frequency Oscillation at Cold 
Temperatures 

■ No Phase Reversal when Negative 
Common-Mode Limit is Exceeded 


APPUCATIORS 

■ Long Term Precision Integration 

■ Current to Voltage Conversion 

■ Medical Instrumentation— CAT Scanner 

■ High Speed, Precision Sample and Hold 


DCSCRIPTIOA 

The OP-1 5/ 1 6 series devices feature distinct advantages 
over other JFET-input operational amplifiers, in particular 
compared to LF155/156 types. 

The OP-15 has the speed of the LF156 design with the 
low power dissipation of the slower LF155. The OP-16 is 
considerably faster. Both devices offer offset voltages as 
low as 0.5mV, with guaranteed drift of 5^V/°C. Input 
bias current at 125°C is just a few nanoamperes. 

Other manufacturers’ OP-15/16 (and LF155/156) ex- 
hibit phase reversal at the output when the negative 
common-mode limit at the input is exceeded; i.e., driving 
from -12V to -15V with ±15V supplies. This can 
cause lock-up in servo systems. As shown in the applica- 
tion section, Linear Technology's OP-1 5/ 16 does not 
have this problem due to unique phase reversal protec- 
tion circuitry. 

In addition, Linear’s OP-16 is free from high frequency 
oscillation problems at cold temperatures, as is il- 
lustrated in the “Voltage Follower Small Signal Pulse 
Response” photo. For applications requiring higher 
performance, see the LT1022, LT1055and LT1056 data 
sheets. 


Fast, 12-Bit Current Comparator Voltage Follower Small Signal Pulse Response 

T A =-55°C 
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OP-15/OP-16 


rbsolutc mnximum rrtirgs 


Supply Voltage 

A, B,E,F Grades ±22V 

C,G Grades ±18V 

Internal Power Dissipation 500mW 

Operating Temperature Range 

A, B,C Grades -55°Cto125°C 

E,F.G Grades 0°Cto70°C 

Junction Temperature 150°C 

Differential Input Voltage 

A, B.E.F Grades ±40V 

C,G Grades ±30V 

Input Voltage (Note 4) 

A, B,E,F Grades ±20V 

C,G Grades ±16V 

Output Short Circuit Duration Indefinite 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300 °C 


PRCKRG€/ORD€R inFORRlRTIOn 



V- (CASE) 


H PACKAGE 
METAL CAN 


ORDER PART NUMBER 

0P-15AH 

0P-16AH 

0P-15BH 

0P-16BH 

0P-15CH 

0P-16CH 

0P-15EH 

OP-16EH 

0P-15FH 

0P-16FH 

0P-15GH 

0P-16GH 

0P-15GN8 

0P-16GN8 

V os is adjusted with a potentiometer 
ranging from 10k to 1M. The wiper 

is connected to V + 




N8 PACKAGE 
8 PIN PLASTIC DIP 


€l€CTRICAl CHARACTERISTICS Vs= ±15V, Ta = 25°C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

0P-15A/E 

0P-16A/E 

TYP MAX 

MIN 

0P-15B/F 

0P-16B/F 

TYP MAX 

MIN 

0P-15C/G 

0P-16C/G 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

R s = 50fi 

- 

0.2 

0.5 

- 

0.4 

1.0 

- 

0.5 

3.0 

mV 

•os 

Input Offset Current 

Tj = 25°C (Note 1) 

- 

3 

10 

- 

6 

20 

- 

12 

50 

PA 



Warmed-Up OP-15 

— 

5 

22 

— 

10 

40 

— 

20 

100 

PA 



OP-16 

- 

5 

25 

- 

10 

50 

- 

20 

125 

PA 

•b 

Input Bias Current 

Tj = 25°C (Note 1) 

- 

±15 

±50 

- 

±30 

±100 


±60 

±200 

pA 



Warmed-Up OP-15 

— 

±18 

±110 

— 

±40 

±200 


±80 

±400 

PA 



OP-16 

— 

±20 

±130 

— 

±40 

±250 

— 

±80 

±500 

PA 

Rin 

Input Resistance 


- 

10 12 

- 

- 

10 12 

- 

- 

10 12 

- 

Q 

Avol 

Large Signal 

R L >2kfi 

100 

240 

- 

75 

220 

- 

50 

200 

- 

V/mV 


Voltage Gain 

V 0 = ± 10V 











Vo 

Output Voltage 

R L = 10kQ 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 


Swing 

R l = 2kS2 

±11 

±12.7 

- 

±11 

±12.7 

- 

±11 

±12.7 

- 

V 

•s 

Supply Current 

OP-15 

- 

2.7 

4.0 

- 

2.7 

4.0 

- 

2.8 

5.0 

mA 



OP-16 

- 

4.6 

7.0 

- 

4.6 

7.0 

- 

4.8 

8.0 

mA 

SR 

Slew Rate 

Avcl = + 1 OP-15 

10 

13 

- 

7.5 

11 

- 

5 

9 

- 

V//iS 



OP- 16 

18 

20 

— 

12 

18 

- 

9 

16 

- 

V/ M s 

GBW 

Gain Bandwidth 

(Note 3) OP-15 

4.0 

6.0 

— 

3.5 

5.7 

- 

3.0 

5.4 

- 

MHz 


Product 

OP-16 

- 

8.0 

- 

- 

7.6 

- 

- 

7.2 

- . 

MHz 


Settling Time 

to 0.01% OP-15 

- 

4.5 

- 

- 

4.5 

- 

- 

4.7 

- 

fiS 


(Note 2) 

to 0.10% 

- 

1.2 

- 

- 

1.2 

- 

- 

1.3 

- 

#*s 



to 0.01% OP-16 

— 

3.8 

— 

- _ 

3.8 

— 

_ 

4.0 

— 

AS 



to 0.10% 

- 

0.9 

- 

- 

0.9 

- 

- 

1.0 

- 

liS 


Input Voltage Range 


±10.5 

- 

- 

±10.5 

- 

- 

±10.3 

- 

- 

V 

CMRR 

Common-Mode 

V CM = ± 10.5V 

86 

100 

— 

86 

100 

— 

_ 

— 

— 

dB 


Rejection Ratio 

V CM = ± 10.3V 

- 

- 

- 

- 

- 

- 

82 

96 

- 

dB 

PSRR 

Power Supply 

V s = ± 1 0V to ± 1 8V 

- 

10 

51 

- 

10 

51 

- 

- 

- 

/*V/V 


Rejection Ratio 

V s = ± 10V to ± 15V 

— 

- 

- 

- 

- 

— 

- 

10 

80 

/iV/V 

e n 

Input Noise 

f 0 = 100Hz 

— 

20 

— 

— 

20 

— 

— 

20 

— 

nV/VHz 


Voltage Density 

f 0 = 1000Hz 

- 

15 

- 

- 

15 

- 

- 

15 

- 

nV/VRz 

in 

Input Noise 

f 0 = 100Hz 

— 

0.01 

- 

- 

0.01 

- 

- 

0.01 

- 

pA/VHz 


Current Density 

f 0 = 1000Hz 

- 

0.01 

- 

- 

0.01 

- 

- 

0.01 

- 

pA/VHz 

C|N 

Input Capacitance 


- 

3 

- 

- 

3 

- 

- 

3 

- 

PF 
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OP-15/OP-16 


€l€CTRICRl CHARACTERISTICS Vs= =b 1 5V, -55 °C<Ta< 125°C unless otherwise noted. 








0P-15A 



0P-15B 



0P-15C 



SYMBOL 

PARAMETER 

CONDITIONS 




0P-16A 



0P-16B 



OP-16C 


UNITS 






MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


V 0S 

Input Offset Voltage 

Rs = 50n 

• 

- 

0.4 

0.9 

- 

0.7 

2.0 

- 

0.9 

4.5 

mV 


Average Input Offset 















Voltage Drift 














TCV 0S 

Without External 

Trim 





2 

5 

~ 

3 

10 

" 

4 

15 

C 

TCVosn 

With External 

Trim 

Rp = 100kQ 


• 

~ 

2 

~ 


3 


— 

4 


mV/°C 

'os 

Input Offset 

Tj = 125°C (Note 1) 


• 

- 

0.6 

4.0 

- 

0.8 

6.0 

- 

1.0 

9.0 

nA 

Current 

T A = 125°C, Warmed-Up OP-15 

• 

- 

0.8 

7.0 

- 

1.2 

11 

- 

1.5 

17 

nA 




OP- 16 

• 

- 

1.0 

8.5 

- 

1.3 

14.5 

- 

1.7 

22 

nA 

>B 

Input Bias 

Tj = 125°C (Note 1) 


• 

- 

±1.2 

±5.0 

- 

±1.5 

±7.5 

- 

±1.8 

±10 

nA 


Current 

T A = 125°C, Warmed-Up OP-15 

• 

- 

±1.7 

±9.0 

- 

±2.2 

±14 

— 

±2.7 

±19 

nA 




OP- 16 

• 

- 

±2.0 

±11 

- 

±2.5 

±18 

- 

±3.0 

± 25 

nA 


Input Voltage Range 


• 

±10.4 

- 

- 

±10.4 

- 

- 

±10.25 

- 


V 

CMRR 

Common-Mode Rejection 

V CM =± 10.4V 


• 

85 

97 

- 

85 

97 

- 

- 

- 

- 

dB 


Ratio 

V CM =± 10.25V 


• 

- 

- 

- 

- 

- 

- 

80 

93 


dB 

PSRR 

Power Supply Rejection 

Vs = ± 10V to ± 18V 


• 

- 

15 

57 

- 

15 

57 

- 

- 

- 

M v/v 


Ratio 

V s = ± 10V to ± 15V 


• 

- 

- 

- 

- 

- 

- 

- 

23 

100 

M v/v 

a VOL 

Large Signal Voltage Gain 

R|_>2kl2 

V 0 =±10V 

• 

35 

120 

— 

30 

110 

— 

25 

100 

— 

V/mV 

v 0 

Output Voltage Swing 

R L >10kfi 

• 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

€l€CTMCRl CHARACTERISTICS 

Vs 

= ±15 V, 0°C<Ta< 70°C unless otherwise noted. 









0P-15E 



0P-15F 



0P-15G 



SYMBOL 

PARAMETER 

CONDITIONS 




0P-16E 



0P-16F 



0P-16G 


UNITS 






MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


v os 

Input Offset Voltage 

RS=50G 

_^j 

- 

0.3 

0.75 

- 

0.55 

1.5 

- 

0.7 

3.8 

mV 


Average Input 















Offset Voltage 

Drift 














TCVqs 

Without External 

Trim 



• 

— 

2 

5 

— 

3 

10 

— 

4 

15 

/iV/°C 

TCVosn 

With External 

Trim 

Rp = 100kfi 


• 

~ 

2 

— 

— 

3 

~ 

— 

4 

— 

M V/°C 

'os 

Input Offset 

Tj = 70°C (Note 1) 


• 

- 

0.04 

0.30 

- 

0.06 

0.45 

- 

0.08 

0.65 | 

nA 


Current 

T a = 70°C, Warmed-Up 

OP- 15 

• 

- 

0.06 

0.55 

- 

0.08 

0.80 

- 

0.10 

1.2 

nA 




OP- 16 

• 

- 

0.07 

0.70 

- 

0.10 

1.1 

- 

0.15 

1.7 

nA 

'b 

Input Bias 

Tj = 70°C (Note 1) 


• 

- 

±0.10 

±0.40 

- 

±0.12 

±0.60 

- 

±0.14 

±0.80 

nA 


Current 

T a = 70°C, Warmed-Up 

OP- 15 

• 

- 

±0.13 

±0.75 

- 

±0.16 

±1.1 

- 

±0.19 

±1.5 

nA 




OP- 16 

• 

- 

±0.15 

±0.90 

- 

±0.20 

±1.4 

- 

±0.25 

±2.0 

nA 


Input Voltage Range 


• 

±10.4 

- 

- 

±10.4 

- 

- 

±10.25 

- 

- 

V 

CMRR 

Common-Mode Rejection 

V CM =± 10.4V 


• 

85 

98 

- 

85 

98 

- 

— 

_ 

- 

dB 


Ratio 

Vqm = ± 10.25V 


• 

- 

- 

- 

- 

- 

- 

80 

94 

- 

dB 

PSRR 

Power Supply Rejection 

Vg= ± 10V to ±18V 


• 

- 

13 

57 

- 

13 

57 

- 

- 

- 

A V/V 


Ratio 

Vg = ± 10V to ±15V 


• 

- 

— 

- 

- 

- 

- 

- 

20 

100 

A V/V 

A V0 

Large Signal Voltage Gain 

R L >2kS2 

Vq= ±10V 

• 

65 

200 

— 

50 

180 

— 

35 

160 

— 

V/mV 

v 0 

Output Voltage Swing 

R L >10kfl 

• 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 


The • denotes the specifications which apply over full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Input bias current is specified for two different conditions. The Tj 
specification is with the junction at ambient temperature; the warmed-up 
specification is with the device operating in a warmed-up condition at the 
ambient temperature specified. I B and l 0 s are measured at V CM = 0. 


Note 2: Settling time is defined here for a unity gain inverter connection 
using 2k£2 resistors. It is the time required for the error voltage (the 
voltage at the inverting input pin on the amplifier) to settle to within a 
specified percentage of its final value from the time a 10V step input is 
applied to the inverter. 

Note 3: Sample tested. 

Note 4: Unless otherwise specified, the absolute maximum negative 
input voltage is equal to the negative power supply voltage. 
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OP-15/OP-16 


nppucnnons 


Voltage Follower with Input Exceeding the Negative 
Common-Mode Range 



INPUT 

10V/DIV 


OUTPUT 
OTHERS’ 
OP-15/16 
LF1 55/56 
10V/DIV 


OUTPUT 
LINEAR TECH 
OP-1 5/ 16 
10V/DIV 


0.5ms/DIV 


0.5ms/DIV 


0.5ms/DIV 





PRCKRGC DCSCRIPTIOn 


H Package N8 Package 

Metal Can 8 Lead Plastic 


SEATING 

PLANE | 

0.010-0.045 

(0.254-1.143) 


0.040 

(1.016) 

MAX 

L 

** (9.017-9.398) *■ 
DIA 

0.305-0.335 
(7.747 - 8.509) 

DIA 



0.050 A 

(1.270) 0.165 — ( 

MAX (4.191 — l 

f 

i ♦ 




_ GAUGE 
PLANE 


(12.70-19.05) 

JL 



NOTE DIMENSIONS IN INCHES 




NOTE DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
* LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

0ja 

0jc 

150°C 

150°C/W 

45°C/W 


Tjmax 

0ja 

100°C 

130°C/W 
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OP-27/OP-37 


/TLintAB 

TECHNOLOGY 


F€RTUR€S 

■ Guaranteed 3. 8nV/Vflz max 1kHz Noise 

■ Guaranteed 5.5rN/\/Hi max 10Hz Noise 

■ Very Low Peak-to-Peak Noise, 80nV Typical 

■ Guaranteed 2$iN max Offset Voltage 

■ Guaranteed 0.6/tV/°C max Drift with Temperature 

■ Guaranteed 11V /*tsec min Slew Rate (OP-37) 

■ Guaranteed 1 Million min Voltage Gain 


rppucrtiors 

■ Low Level Transducer Amplifiers 

■ Precision Threshold Detectors 

■ Tape Head Preamplifiers 

■ Microphone Preamplifiers 

■ Direct Coupled Audio Gain Stages 


Low Noise, High Speed 
Precision Operational 
Amplifiers 

DCSCRIPTIOn 

The 0P-27/0P-37 series of operational amplifiers combine 
outstanding noise performance with excellent precision and 
high speed specifications. The wideband noise is only 
3nV/vHz, and with the 1 /f noise corner at 2.7Hz, low noise 
is maintained for all low frequency instrumentation applica- 
tions. Precision DC specifications match or exceed the best 
available op amps: offset voltage is 10/tV- drift with 
temperature and time are 0.2/tV/°C and 0.2/tV/month, 
respectively; common mode rejection is 126dB, voltage gain 
is two million. The unity gain compensated OP-27 is an 
order of magnitude faster than other precision op amps. The 
decompensated OP-37 is even faster at a gain-bandwidth 
product of 63MHz and 17V//*sec slew rate. These charac- 
teristics plus Linear Technology’s advanced process and 
test techniques make the OP-27/37 an excellent choice for 
performance and reliability in all low noise, precision ampli- 
fier applications. In addition, Linear’s OP-37 is completely 
latch-up free in high gain, large capacitive feedback con- 
figurations. The accurate, microvolt, low noise signal han- 
dling capabilities of the OP-27/37 are taken advantage of in 
the multiplexed thermocouple application shown. 

For applications requiring higher performance, see the 
LT1007 and LT1037 data sheets. 


Low Noise, Multiplexed Thermocouple Amplifier 

TYPE S THERMOCOUPLES 
5.4/*V/°C AT 0°C 


+ 



0.1Hz to 10Hz Noise 





m 

m 

IN 

mxmjm 

T 

nu 

tlHiJft'U 


■i 

i 





0 2 4 6 8 10 

TIME (SECONDS) 


If 24 channels are multiplexed per second, and the output is required to settle to 
0.1% accuracy, the amplifier’s bandwidth cannot be limited to less than 30Hz. Yet 
the noise contribution of the OP-27 will still be only 0.1 1/tVp-p, which is equivalent 
to an error of only 0.02°C. 
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OP-27/OP-37 


absolute mnximum RRTinGS prckrge/ordcr mFORmRTion 


Supply Voltage ±22V 

Internal Power Dissipation 500mW 

Input Voltage Equal to Supply Voltage 

Output Short Circuit Duration Indefinite 

Differential Input Current (Note 8) ±25mA 

Lead Temperature (Soldering, 10 sec.) 300°C 

Operating Temperature Range 

0P-27/0P-37A, C -55°Cto 125°C 

0P-27/0P-37 E, G -25°Cto85°C 

Junction Temperature Range 

OP-27/ OP-37 A, C -55°Cto 150°C 

0P-27/0P-37 E, G -25°Cto125°C 

Storage Temperature Range 
0P-27/0P-37A, C, E, G -65°Cto150°C 



TOP VIEW 

Vos TRIM 


ORDER PART NUMBER 

-in (n-* - 0UT 

+,N NC 

V-(CASE) 

METAL CAN H PACKAGE 

0P-27AH 

0P-27CH 

0P-27EH 

0P-27GH 

0P-37AH 

0P-37CH 

0P-37EH 

0P-37GH 

Vosrr 

trimLI 

-in[T 

+in|T 

v-S 

TOP VIEW 

H Vos 
-11 TRIM 

T)v+ 

If) OUT 

TJnc 

0P-27AJ8 

0P-27CJ8 

0P-27EJ8 

0P-27GJ8 

0P-37AJ8 

0P-37CJ8 

0P-37EJ8 

0P-37GJ8 

0P-27EN8 

0P-27GN8 

0P-37EN8 

0P-37GN8 

HERMETIC DIP J8 PACKAGE 

PLASTIC DIP N8 PACKAGE 


ELECTRICAL CHRRRCT€RISTICS Vs= ±15V, Ta = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-27A,E/0P-37A,E 

MIN TYP MAX 

0P-27C,G/0P-37C,G 

MIN TYP MAX 

UNITS 

v os 

Input Offset Voltage 

(Note i) 


10 

25 


30 

100 

mV 

AVqs 

Long Term Offset Voltage 

(Note 2) 


0.2 

1.0 


0.4 

2.0 

mV/ Mo 

ATime 

Stability 









'os 

Input Offset Current 



7 

35 


12 

75 

nA 

'b 

Input Bias Current 



±10 

±40 


±15 

±80 

nA 

e n 

Input Noise Voltage 

0.1Hz to 10Hz (Notes 3 and 5) 


0.08 

0.18 


0.09 

0.25 

(*Vp-p 


Input Noise Voltage 

f 0 = 10Hz (Note 3) 


3.5 

5.5 


3.8 

8.0 

nV/^/Hz 


Density 

f o = 30Hz (Note 3) 


3.1 

4.5 


3.3 

5.6 

nV/VRz 



f 0 = 1000Hz (Note 3) 


3.0 

3.8 


3.2 

4.5 

nV/VRz 

'n 

Input Noise Current 

f o = 10Hz (Notes 3 and 6) 


1.7 

4.0 


1.7 


pA/VHz 


Density 

f o = 30Hz (Notes 3 and 6) 


1.0 

2.3 


1.0 


pA/VHz 



f 0 = 1000Hz (Notes 3 and 6) 


0.4 

0.6 


0.4 

0.6 

pA/VHz 


Input Resistance— Common Mode 


i 3 1 

1 ? 1 

Gfi 


Input Voltage Range 


±11.0 

±12.3 


±11.0 

±12.3 


V 

CMRR 

Common Mode Rejection Ratio 

VcM= ± 11V 

114 

126 


100 

120 


dB 

PSRR 

Power Supply Rejection Ratio 

V$= ±4V to ± 18V 

100 

120 


94 

118 


dB 

a vol 

Large Signal Voltage Gain 

R l > 2kfl, V 0 = ± 10V 

1000 

1800 


700 

1500 


V/m V 



R L > Ikfl, V o =±10V 

800 

1500 



1500 


V/mV 



R l = 600Q, V 0 = ± IV 

250 

700 


200 

500 


V/mV 



V s = ±4V (Note 4) 








V 0UT 

Maximum Output Voltage Swing 

R L >2kfi 

±12.0 

±13.8 


±11.5 

±13.5 


V 



R L > 600ft 

±10.0 

±11.5 


±10.0 

±11.5 


V 

SR 

Slew Rate OP-27 

R L >2ktt (Note 4) 

1.7 

2.8 


1.7 

2.8 


V/Vs 


OP-37 

A VC l^ 5 (Note 4) 

11 

17 


11 

17 


V/m s 

6BW 

Gain-Bandwidth OP-27 

f 0 = 1 0OkHz (Note 4) 

5.0 

8.0 


5.0 

8.0 


MHz 


Product OP-37 

f 0 = 10kHz (Note 4) 

45 

63 


45 

63 


MHz 



f 0 = 1MHz (A VCL ^5) 


40 



40 


MHz 

Zo 

Open Loop Output Resistance 

o 

II 

o 

CD 

II 

| 70 

| 70 


Pd 

Power Dissipation 



90 

140 


100 

170 

mW 
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OP-27/OP-37 


ELECTRICAL CHARACTERISTICS Vs= ± 15V, -55 °C<Ta< 125°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

0P-27A/0P-37A 

TYP MAX 

MIN 

0P-27C/0P-37C 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 

• 


30 

60 


70 

300 

AV 

AVqs 

ATemp 

Average Input 

Offset Drift 

(Note 7) 

• 


0.2 

0.6 


0.4 

1.8 

/iV/°C 

•os 

Input Offset Current 


• 


15 

50 


30 

135 

nA 

■b 

Input Bias Current 


• 


±20 

±60 


±35 

±150 

nA 


Input Voltage Range 


• 

±10.3 

±11.5 


±10.2 

±11.5 


V 

CMRR 

Common Mode 
Rejection Ratio 

V CM = ±10V 

• 

108 

122 


94 

116 


dB 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±4.5V to ± 18V 

• 

96 

116 


86 

110 


dB 

A V0L 

Large Signal 

Voltage Gain 

R L >2kfl, V 0 =±10V 

• 

600 

1200 


300 

800 


V/m V 

Vqut 

Maximum Output 
Voltage Swing 

R L > 2kft 

• 

±11.5 

±13.5 


±10.5 

±13.0 


V 

ELECTRICAL CHARACTERISTICS 

v s = 

:±15V, 

-25°C<T A <85 c 

C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

0P-27E/0P-37E 

TYP MAX 

MIN 

0P-27G/0P-37G 

TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

(Note 1) 



20 

50 


55 

220 

aV 

AVqs 

ATemp 

Average Input 

Offset Drift 

(Note 7) 



0.2 

0.6 


0.4 

1.8 

yN/° C 

•os 

Input Offset Current 


— • — 


10 

50 


20 

135 

nA 

*B 

Input Bias Current 




±14 

±60 


±25 

±150 

nA 


Input Voltage Range 


• 

±10.5 

±11.8 


±10.5 

±11.8 


V 

CMRR 

Common Mode 
Rejection Ratio 

V CM =±10V 

• 

110 

124 


96 

118 


dB 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±4.5V to ± 18V 

• 

97 

118 


90 

114 


dB 

a vol 

Large Signal 

Voltage Gain 

R L > 2kO, V 0 =±10V 

• 

750 

1500 


450 

1000 


V/m V 

Vqut 

Maximum Output 
Voltage Swing 

R L >2kQ 

• 

±11.7 

±13.6 


±11.0 

±13.3 


V 


The • denotes the specifications which apply over full operating 
temperature range. 

Note 1: Input Offset Voltage measurements are performed by automatic 
test equipment approximately 0.5 seconds after application of power. A 
and E grades are guaranteed fully warmed up. 

Note 2: Long Term Input Offset Voltage Stability refers to the average 
trend line of Offset Voltage vs Time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in 
V 0 s during the first 30 days are typically 2.5/xV — refer to typical perform- 
ance curve. 

Note 3: Sample tested. Contact factory for 100% testing of 10Hz voltage 
noise. 


Note 4: Parameter is guaranteed by design and is not tested. 

Note 5: See test circuit and frequency response curve for 0.1Hz to 10Hz 
tester in Applications Information section. 

Note 6: See test circuit for current noise measurement in Applications 
Information section. 

Note 7: The Average Input Offset Drift performance is within the 
specifications unnulled or when nulled with a pot having a range of 8kS] 
to 20kQ. 

Note 8: The 0P-27/37’s inputs are protected by back-to-back diodes. 
Current limiting resistors are not used in order to achieve low noise. If 
differential input voltage exceeds ±0.7V, the input current should be 
limited to 25mA. 
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VOLTAGE GAIN (dB) VOLTAGE NOISE (nV/Vfiz) VOLTAGE NOISE (nV/Vfiz) 


OP-27/OP-37 


typical PCRFonmnncc characteristics 


Voltage Noise vs Frequency 



1 10 100 1000 
FREQUENCY (Hz) 


Input Wideband Voltage 
Noise vs Bandwidth (0.1Hz 



0.1 1.0 10 100 
BANDWIDTH (kHz) 


Total Noise vs Source 
Resistance 



100 Ik 10k 

SOURCE RESISTANCE (0) 


Voltage Noise vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


i 


Voltage Noise vs Supply 
Voltage 


T A =25°C 





AT 1 

0Hz 



AT' 

— 

kHz 











0 10 20 30 40 

TOTAL SUPPLY VOLTAGE (V+ -V") (VOLTS) 



10 100 Ik 10k 

FREQUENCY (Hz) 


Voltage Gain vs Frequency 



0.1 1 10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Open Loop Voltage Gain vs 
Supply Voltage 



0 10 20 30 40 50 

TOTAL SUPPLY VOLTAGE (VOLTS) 


Open Loop Voltage Gain vs 
Load Resistance 



0.1 1.0 10 100 


LOAD RESISTANCE (kfi) 
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OP-27/OP-37 


TYPICAL PCRFOftmnnCC CHAAACTCRISTICS 


Offset Voltage Drift of 
Representative Units 



Long Term Drift of 
Representative Units 




1 2 3 4 5 

TIME AFTER POWER ON (MINUTES) 


Offset Voltage Change Due 
to Thermal Shock 



Input Bias Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Input Offset Current vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current vs Supply 
Voltage 


Short Circuit Current vs 
Time 


Maximum Output Swing vs 
Resistive Load 



5 15 25 35 45 

TOTAL SUPPLY VOLTAGE (VOLTS) 



0 1 2 3 4 5 

TIME FROM OUTPUT SHORTED TO GROUND (MINUTES) 



0.1 1.0 10 
LOAD RESISTANCE (kQ) 


iTTfla# 
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OP-27/OP-37 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Common Mode Rejection vs 
Frequency 



10 3 10 4 10 5 10 6 10 7 
FREQUENCY (Hz) 


Common Mode Input Range 
vs Supply Voltage 



0 ±5 ±10 ±15 ±20 

SUPPLY VOLTAGE(VOLTS) 


PSRR vs Frequency 



FREQUENCY (Hz) 


OP-27 Small Signal 
Transient Response 



AvCL=+1,V S =±15V 
C L = 15pF 


OP-27 Large Signal 
Transient Response 



AvCL=-1, Vs=±15V 


OP-27 Maximum 
Undistortea Output vs 
Frequency 



Ik 10k 100k INI 10NI 

FREQUENCY (Hz) 


OP-27 Slew Rate, Gain 
Bandwidth Product, Phase 
Margin vs Temperature 


OP-27 Gain, Phase Shift vs 
Frequency 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



FREQUENCY (MHz) 
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OP-27/OP-37 



jcrwm 
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OP-27/OP-37 


nppucOTions infonmnnon 


General 

The OP-27/37 series devices may be inserted directly 
into 0P-07, 0P-05, 725, and 5534 sockets with or with- 
out removal of external compensation or nulling compo- 
nents. In addition, the OP-27/37 may be fitted to 741 
sockets with the removal or modification of external null- 
ing components. 

Noise Testing 

The 0. 1 Hz to 1 0Hz peak-to-peak noise of the OP-27 / OP-37 
is measured in the test circuit shown. The frequency 
response of this noise tester indicates that the 0. 1 Hz cor- 
ner is defined by only one zero. The test time to measure 
0.1Hz to 10Hz noise should not exceed 10 seconds, as 
this time limit acts as an additional zero to eliminate noise 
contributions from the frequency band below 0.1Hz. 

Measuring the typical 80nV peak-to-peak noise perform- 
ance of the OP-27/ 37 requires special test precautions: 


(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of ther- 
moelectric effects in excess of a few nanovolts, 
which would invalidate the measurements. 

(c) Sudden motion in the vicinity of the device can also 
“feedthrough” to increase the observed noise. 

A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz 
noise-voltage density measurement will correlate well 
with a 0.1Hz to 10Hz peak-to-peak noise reading since 
both results are determined by the white noise and the 
location of the 1/f comer frequency. 

Current noise is measured and calculated by the following 
formula: 

: _ [e 2 no — (1 30nV) 2 ] 1/2 
ln_ IMGxIOO 


(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 4/A/ due to its chip temperature 
increasing 10°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced effects can 
easily exceed tens of nanovolts. 



0.1Hz to 10Hz Noise Test Circuit 


0.1Hz to 10Hz p-p Noise 
Tester Frequency Response 


0.1/zF 



* OP-27/ OP-37 DEVICE UNDER TEST 
NOTE: ALL CAPACITOR VALUES ARE FOR 
NON-POLARIZED CAPACITORS ONLY. 




0.01 0.1 1.0 10 100 
FREQUENCY (Hz) 
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OP-27/OP-37 


AppucflTions inFOftmnTion 


Offset Voltage Adjustment 

The input offset voltage of the OP-27/37, and its drift 
with temperature, are permanently trimmed at wafer 
testing to a low level. However, if further adjustment of 
Vos is necessary, the use of a 10k nulling potentiometer 
will not degrade drift with temperature. Trimming to a 
value other than zero creates a drift of (Vos / 300) /*V/ °C, 
e g., if Vos is adjusted to 300/tV, the change in drift will 
be VV/°C. 

Standard Adjustment 



The adjustment range with a 10k pot is approximately 
± 2.5mV. If less adjustment range is needed, the sensi- 
tivity and resolution of the nulling can be improved by 
using a smaller pot in conjunction with fixed resistors. 
The example has an approximate null range of ± 200/A/. 

Improved Sensitivity Adjustment 



Offset Voltage and Drift 

Thermocouple effects, caused by temperature gradients 
across dissimilar metals at the contacts to the input ter- 
minals, can exceed the inherent drift of the amplifier 
unless proper care is exercised. Air currents should be 
minimized, package leads should be short, the two input 
leads should be close together and maintained at the 
same temperature. 


The circuit shown to measure offset voltage is also used 
as the burn-in configuration for the OP-27/37, with the 
supply voltages increased to ±20V, R1 = R3 = 10k, 
R2 =2000, A v = 100. 

Test Circuit for Offset Voltage 
and Offset Voltage Drift with 
Temperature 

R1 

50k* 



Unity Gain Buffer Applications (OP-27 Only) 

When Rf < 100(2 and the input is driven with a fast, large 
signal pulse { > 1 V) , the output waveform will look as 
shown in the pulsed operation diagram. 




During the fast feedthrough-like portion of the output, the 
input protection diodes effectively short the output to the 
input and a current, limited only by the output short cir- 
cuit protection, will be drawn by the signal generator. 
With Rf> 500(2, the output is capable of handling the 
current requirements (l|_<20mA at 10V) and the 
amplifier stays in its active mode and a smooth transition 
will occur. . 

As with all operational amplifiers when Rf>2k(2, a pole 
will be created with Rf and the amplifier’s input 
capacitance, creating additional phase shift and reducing 
the phase margin. A small capacitor (20pF to 50pF) in 
parallel with Rf will eliminate this problem. 


u\m 
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OP-27/OP-37 


PACKAGE D6SCAIPTIOA 


H Package 
Metal Can 


SEATING _ 
PUNE 


0.040 

(1.016) 

MAX 

L 


0.305-0.335 
1 1 (7.747 - 8.509) 


: QD D DL 


0.050 4 

I (il70) 0.165-0,185 

MAX (4.191-4.699) 

_i i 


_ GAUGE 
PUNE 


0.500-0.750 
(12.70-19.05) 
1 



NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 


Tjmax 

*ia 

0jc 

150°C 

150°C/W 

45°C/W 


J8 Package 
8 Lead Hermetic DIP 


8 5 

•1 4 

t 

0.220-0.310 

(5.588-7.874) 

L_J LU l — 1 'LJ 

0.055 

(1.397) 


MAX 






U 

0.008-0.015 


0°-15° — ► 

* (0.203-0.381) 


TYP 

< 0.290-0.320 f 



NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 
"LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

0ja 

150°C 

100°C/W 


N8 Package 
8 Lead Plastic 



NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
"LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

0-p 

100°C 

130°C/W 
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OP-227/OP-237 


/TLirm 

TECHNOLOGY 


F€ATUR€S 

■ Guaranteed 80/A/ Max. Vos 

■ Guaranteed 6. OnV/VRz 10Hz Voltage Noise Density 

■ Guaranteed 3.9nV/VHz 1kHz Voltage Noise Density 

■ Guaranteed 1/A//°C Max. Vos Drift 

■ Guaranteed 1 Million Min. Voltage Gain 

■ Guaranteed Matching Characteristics 

■ Guaranteed 10V//*s Min. Slew Rate (OP-237) 


APPUCATIORS 

■ Instrumentation Amplifiers 

■ Low Level Signal Processing 

■ Low Noise Audio Amplifiers 

■ Strain Gauge Amplifiers 


Dual Matched Low Noise 
Precision Op Amp 
and Dual High Speed Low Noise 
Precision Op Amp 

D6SCRIPTIOR 

The OP-227 is a dual matched precision op amp which 
combines low offset, low noise, and high gain with ex- 
cellent matching characteristics. Typical individual 
amplifier specifications of 20/A/ Vos, 0.2/A//°C drift, 
10nA Ib and 2.8nV/VHz 10Hz noise voltage density 
make the OP-227 an impressive performer in terms of 
single amplifiers. Matching characteristics are specified 
with guaranteed limits on all critical parameters including 
Vos, Vos drift, Ibias and CMRR (see the Features sec- 
tion), which make the OP-227 an ideal choice for two and 
three op amp instrumentation amplifier applications. 

The OP-237 offers DC specifications identical to the 
OP-227 and is decompensated for higher speed operation 
at inverting gains greater than 5. 


Precision Amplifier Drives 3000 Load to ±10V 
with 0.05% Accuracy 


Matching Characteristic; 
Drift of Offset Voltage Match 
of Representative Units 


20k 




-75 -35 5 45 85 125 165 

TEMPERATURE (°C) 


JJVSHt 
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OP-227/OP-237 


absolute mnximum RnnnGs pbckage/order irforrirtior 

Supply Voltage (Note 9) ±22 V 

Internal Power Dissipation 500mW 

Input Voltage Equal to Supply Voltage 

Output Short-Circuit Duration Indefinite 

Differential Input Current (Note 8) ± 25mA 

Storage Temperature Range -65°Cto + 150°C 

Operating Temperature 

0P-227A/ 237A/ 227C/237C .. -55°Cto +125°C 
OP-227E/ 237E/227G/ 237G ... -25°Cto +85°C 
Lead Temperature Range (Soldering, lOsec.) .. 300°C 


NULL (A) £ 
NULL (A) [7 
-IN (A)|T 
+ IN (A) [£—[_ 

v-(B)E 
OUT (B)[? 
v + (B)[7 



13] OUT (A) 
12] V- (A) 

— Ti] + IN (B) 

— To] —IN (B) 
Unull(B) 

8] NULL (B) 


J PACKAGE 
14 PIN HERMETIC 


N PACKAGE 
14 PIN PLASTIC 


ORDER 

PART NUMBER 


NOTE: DEVICE MAY BE OPERATED EVEN IF INSERTION 
IS REVERSED; THIS IS DUE TO INHERENT SYMMETRY OF | 
PIN LOCATIONS OF AMPLIFIERS A AND B (NOTE 9). 


OP-227AJ 0P-237AJ 
OP-227CJ OP-237CJ 
0P-227EJ 0P-237EJ 
0P-227GJ OP-237GJ 
OP-227EN OP-237EN 
0P-227GN OP-237GN 


ELECTRICAL CHARACTERISTICS Individual Amplifiers 

Vs= ±15V, Ta = 25°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

OP-227A, E 

0P-237A, E 

0P-227C, G 

0P-237C, G 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

v os 

Input Offset Voltage 

(Note 1) 

20 80 

60 180 

AV 

AV 0S 

ATime 

Long Term V os Stability 

(Notes 2, 3) 

- 0.2 1.0 

0.2 2.0 

jcV/Mo 

los 

Input Offset Current 


- 7 35 

12 75 

nA 

•b 

Input Bias Current 


±10 ±40 

±15 ±80 

nA 

e np-p 

Input Noise Voltage 

0.1Hz to 10Hz 
(Notes 3, 5) 

- 0.06 0.20 

0.06 0.28 

/*vp-p 

e n 

Input Noise Voltage Density 

f 0 = 10Hz (Note 3) 
f 0 = 30Hz (Note 3) 
f 0 = 1000Hz (Note 3) 

- 2.8 6.0 

2.6 4.7 

- 2.5 3.9 

2.8 9.0 

- 2.6 5.9 

2.5 4.6 

nV/VHz 

nV/VHz 

nV/VHz 

*n 

Input Noise Current Density 

f o = 1 0Hz (Notes 3, 6) 
t f 0 = 30Hz (Notes 3, 6) 
f 0 = 1000Hz (Notes 3, 6) 

1.5 4.5 

- 1.0 2.5 

- 0.4 0.7 

1.5 

1.0 - 

0.4 0.7 

pA/VHz 

pA/VHz 

pA/VHz 


Input Resistance- 
Common Mode 


- 7 

- 5 - 

GQ 


Input Voltage Range 


±11.0 ±12.5 

±11.0 ±12.5 

V 

CMRR 

Common Mode Rejection 

Ratio 

V CM = ±11V 

114 126 - 

100 126 - 

dB 

PSRR 

Power Supply Rejection Ratio 

V s = ±4V to rt 18V 

1 10 

2 20 


a vol 

Large-Signal Voltage Gain 

R L >2kQ, V 0 =±12V 
R L >600a V o =±10V 

3 20 - 

1 12 

2 20 

0.8 12 - 

V//iV 

v out 

Output Voltage Swing 

R L >2kG 

R L >600« 

±12.0 ±13.8 - 

±10.0 ±12.5 

±11.5 ±13.5 

±10.0 ±12.5 - 

V 

V 

SR 

Slew Rate OP-227 

OP-237 

R L >2kl2 

A V cl^5 

1.7 2.8 

10 15 

1.7 2.8 - 

10 15 - 

V/ M s 

V/jiS 

GBW 

Gain Bandwidth Prod. OP-227 
OP-237 
OP-237 

f 0 = 100kHz (Note 4) 
f 0 = 10kHz (Note 4) 
f 0 = 1MHz (A VCL ^5) 

5 8- 

35 63 

- 40 

5 8- 

35 63 

- 40 - 

MHz 

MHz 

MHz 

Zo 

Open-Loop Output Resistance 

v 0 =o, l o =0 

- 70 - 

- 70 - 

G 

Pd 

Power Consumption 

Offset Adjustment Range 

Each Amplifier 

Rp = 1 0kQ 

- 80 140 

- ±4 - 

90 170 

- ±4 - 

mW 

mV 
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OP-227/OP-237 


ELECTRICAL CHARACTERISTICS Individual Amplifiers 

Vs= =*= 15V, -25 °C<Ta< 85°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-227E 

0P-237E 

0P-227G 

0P-237G 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


v os 

Input Offset Voltage 

(Note 1) 

• 

- 

40 

140 

- 

85 

280 

aV 

AVqs 

ATemp 

Average Input Offset 
Drift 

(Note 7) 

• 

— 

0.2 

1.0 

— 

0.3 

1.8 

#iV/° C 

•os 

Input Offset Current 


• 

- 

15 

50 

- 

20 

135 

nA 

>B 

Input Bias Current 


• 

- 

±20 

±60 

- 

±35 

±150 

nA 


Input Voltage Range 


• 

±10.5 

±11.5 

- 

±10.5 

±11.5 

- 

V 

CMRR 

Common Mode 
Rejection Ratio 

V CM =±10V 

• 

110 

124 

— 

96 

118 

— 

dB 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±4.5V to ± 18V 

• 

— 

2 

15 

— 

2 

32 

/tV/V 

a vol 

Large Signal Voltage 
Gain 

R L >2kQ, V 0 =±10V 

• 

1 

14 

— 

0.8 

14 

— 

V/ M V 

VOUT 

Output Voltage Swing 

R L >2kQ 

• 

±11.7 

±13.6 

- 

±11.0 

±13.3 

- 

V 


ELECTRICAL CHARACTERISTICS Individual Amplifiers 

V s = =4= 15V, -55 °C<Ta< 125°C, unless otherwise noted 






0P-227A 



0P-227C 



SYMBOL 

PARAMETER 

CONDITIONS 


0P-237A 



0P-237C 


UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


v os 

input Offset Voltage 

(Note 1) 

• 

- 

60 

180 

- 

110 

350 

AV 

AV 0S 

ATemp 

Average Input Offset 
Drift 

(Note 7) 

• 

— 

0.2 

1.0 

— 

0.3 

1.8 

AtV/°C 

•os 

Input Offset Current 


• 

- 

15 

50 

- 

30 

135 

nA 

•b 

Input Bias Current 


• 

- 

±20 

±60 

- 

±35 

±150 

nA 


Input Voltage Range 


• 

±10.5 

±11.8 

- 

±10.2 

±11.8 

- 

v 

CMRR 

Common Mode 

Rejection Ratio 

v cm= ±iov 

• 

108 

122 

— 

94 

116 

— 

dB 

PSRR 

Power Supply 

Rejection Ratio 

V s = ±4.5V to ± 18V 

• 

— 

2 

16 

— 

4 

51 

/*V/V 

a vol 

Large Signal Voltage 
Gain 

R L >2kQ, V 0 = ± 10V 

• 

1 

14 

— 

0.8 

14 

— 

V 

VOUT 

Output Voltage Swing 

R L >2kQ 

• 

±11.5 

±13.5 

- 

±10.5 

±13.0 

- 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC 883C data sheet for test 
listing and parameters. 

Note 1: Input offset voltage measurements are performed by automated 
test equipment approximately 0.5 seconds after application of power. 

Note 2: Long-Term Input Offset Voltage Stability refers to the average 
trend line of V os vs Time over extended periods after the first 30 days of 
operation. 

Note 3: Sample tested. 

Note 4: Parameter is guaranteed by design. 

Note 5: See test circuit and frequency response curve for 0.1Hz to 10Hz 
tester. 


Note 6: See test circuit for current noise measurement. 

Note 7: The input offset drift performance is within the specifications un- 
nulled or when nulled with R P = 8kQ to 20kQ. 

Note 8: The inputs are protected by back-to-back diodes. Current limiting 
resistors are not used in order to achieve low noise. If differential input 
voltage exceeds ±0.7V, the input current should be limited to 25mA. 

Note 9: The V + supply terminals are completely independent and may be 
powered by separate supplies if desired (this approach, however, would 
sacrifice the advantages of the power supply rejection ratio matching). The 
V~ supply terminals are both connected to the common substrate and 
must be tied to the same voltage. BothM~ pins should be used. 
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OP-227/OP-237 


mmcHinG characteristics See notes on page 2-233. 

at V s = =t= 15V, Ta= 25°C, unless otherwise noted 


SYMBOL 

PARAMETER 

— 

CONDITIONS 

0P-227A, E, 0P-237A, E 

0P-227C, G, 0P-237C, G 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

AVqs 

Input Offset Voltage Match 


- 

25 

80 

- 

55 

300 

„v 

Ib + 

Average Non-Inverting Bias 
Current 


— 

±10 

±40 

— 

±15 

±90 

nA 

•os + 

Non-Inverting Offset Current 


- 

±12 

±60 

- 

±20 

±130 

nA 

•os - 

Inverting Offset Current 


- 

±12 

±60 

- 

±20 

±130 

nA 

ACMRR 

Common Mode Rejection 

Ratio Match 

V CM =±11V 

110 

123 

— 

97 

117 

— 

dB 

APSRR 

Power Supply Rejection 

Ratio Match 

V s = ±4V to ± 18V 

— 

2 

10 

— 

2 

20 

iiM/M 


Channel Separation 

(Note 4) 

126 

154 

- 

126 

154 

- 

dB 

AA V ol 

Gain Match 

f 0 = 100kHz (Note 4) 
R L >2kQ, V o =±10V 

— 

1.5 

6.0 

— 

2.0 

9.0 

% 

at V$= ±15V, ~55 °C<Ta< 125 0 C, unless otherwise noted 

SYMBOL 

PARAMETER 

CONDITIONS 

0P-227A, 0P-237A 

0P-227C, 0P-237C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

AVqs 

Input Offset Voltage Match 



- 

55 

180 

- 

100 

480 

AV 

AVqs 

ATemp 

Input Offset Voltage Tracking 

(Note 7) 


— 

0.3 

1.0 

— 

0.5 

1.8 

nM/°C 

l B + 

Average Non-Inverting Bias 
Current 


• 

— 

±20 

±60 

- 

±35 

±170 

nA 

ai b + 

ATemp 

Average Drift of Non- 
Inverting Bias Current 



— 

100 

— 

— 

200 

— 

pA/°C 

los + 

Non-Inverting Offset Current 



- 

±25 

±90 

- 

±45 

±250 

nA 

■os + 

ATemp 

Average Drift of Non- 
Inverting Offset Current 



— 

130 

— 

— 

250 

— 

pA/°C 

•os - 

Inverting Offset Current 


• 

- 

±25 

±90 

- 

±45 

±250 

nA 

ACMRR 

Common Mode Rejection 

Ratio Match 

V CM =±10V 

• 

105 

118 

— 

90 

110 

— 

dB 

APSRR 

Power Supply Rejection 

Ratio Match 

V s = ±4.5V to ± 18V 

• 

— 

2 

16 

— 

4 

51 

*iV/V 


at Vs= ±15V, -25 °C<Ta< 85°C, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

0P-227E, 0P-237E 

0P-227G, 0P-237G 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

AVqs 

Input Offset Voltage Match 


• 

- 

40 

140 

- 

90 

400 

aV 

TCAVqs 

Input Offset Voltage Tracking 

(Note 7) 

• 

- 

0.3 

1.0 

- 

0.5 

1.8 

fi\J/° c 

l B + 

Average Non-Inverting Bias 
Current 



— 

±14 

±60 

— 

±25 

±170 

nA 

ai b + 

ATemp 

Average Drift of Non- 
Inverting Bias Current 


• 

— 

80 

— 

— 

180 

— 

pA/°C 

'os + 

Non-Inverting Offset Current 


• 

- 

±20 

±90 

- 

±35 

±250 

nA 

Alos + 
ATemp 

Average Drift of Non- 
Inverting Offset Current 


• 

— 

130 

— 

— 

250 

— 

pA/°C 

•os - 

Inverting Offset Current 



- 

±20 

±90 

- 

±35 

±250 

nA 

ACMRR 

Common Mode Rejection 

Ratio Match 

V CM =±10V 


106 

120 

— 

90 

112 

— 

dB 

APSRR 

Power Supply Rejection 

Ratio Match 

V s = ±4.5V to ± 18V 

• 

— 

2 

15 

— 

3 

32 

jiV/V 
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RMS VOLTAGE NOISE DENSITY (nV/Vfiz) RMS NOISE DENSITY (pA/VHz) RMS VOLTAGE NOISE DENSITY (nV/VRz) 


OP-227/OP-237 


TYPICAL PCRFOftmnnCC CHAflACTCRISTICS 


Voltage Noise vs Frequency 


0.1Hz to 10Hz Noise 


0.01Hz to 1Hz Peak-to-Peak 
Noise 


1/f CORNER = 2Hz 





UlkUlM 


ul ki iii i'. T ia uiTjl 


HjjUjj 

■i 

■ 


0 20 40 60 80 

FREQUENCY (Hz) 


TIME (SECONDS) 

TIME (SECONDS) 




Total Noise vs Source 

Wideband Voltage Noise 

Current Noise vs Frequency 

Resistance 

(0.1Hz to Frequency Indicated) 



FREQUENCY (Hz) 


SOURCE RESISTANCE (kfl) 


BANDWIDTH (kHz) 


Voltage Noise vs Temperature 

I Vs* ± 15V I I I I P 


Voltage Noise vs Supply 
Voltage 



0.02Hz to 10Hz RMS Noise. 
Gain = 50,000 (Measured on 
HP3582 Spectrum Analyzer) 


XTUDSS 
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OFFSET VOLTAGE CHANGE (/tV) OPEN LOOP VOLTAGE GAIN (V/*iV) VOLTAGE GAIN (dB) 


OP-227/OP-237 





2-362 


XTUDS5B 













OP-227/OP-237 



1 10 10 2 10 3 10 4 105 106 1Q7 108 

FREQUENCY (Hz) 


Ik 10k 100k 

FREQUENCY (Hz) 


0 12 3 

TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 
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OP-227/OP-237 


TYPICAL P€RFORmAllC€ CHRRRCTCRISTICS 


OP-237 Small Signal Transient 
Response 


OP-237 Large Signal Response 


OP-237 Phase Margin, Gain 
Bandwidth Product, Slew Rate 
vs Temperature 


I V s = ±15V I 
Ci_= lOOpF 



a VCL =+1 - Vs= ±15V 
C L =15pF 


AvSL=-i. Vs=±15V 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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nppucmions mponmnnon 

Noise Testing 

The 0.1Hz to 10Hz peak-to-peak noise of the OP-227/ 
OP-237 is measured in the test circuit shown. The fre- 
quency response of this noise tester indicates that the 
0.1Hz corner is defined by only one zero. The test time to 
measure 0.1Hz to 10Hz noise should not exceed 10 sec- 
onds, as this time limit acts as an additional zero to 
eliminate noise contributions from the frequency band 
below 0.1Hz. 

Measuring the typical 60nV peak-to-peak noise per- 
formance of the OP-227/ OP- 237 requires special test 
precautions: 

(a) The device should be warmed up for at least five 
minutes. As the op amp warms up, its offset voltage 
changes typically 3/A/ due to its chip temperature in- 
creasing 10°C to 20°C from the moment the power 
supplies are turned on. In the 10 second measure- 
ment interval these temperature-induced effects can 
easily exceed tens of nanovolts. 

(b) For similar reasons, the device must be well shielded 
from air currents to eliminate the possibility of 
thermoelectric effects in excess of a few nanovolts, 
which would invalidate the measurements. 

(c) Sudden motion in the vicinity of the device can also 
“feed through" to increase the observed noise. 


A noise-voltage density test is recommended when 
measuring noise on a large number of units. A 10Hz noise 
voltage density measurement will correlate well with a 
0.1Hz to 10Hz peak-to-peak noise reading since both re- 
sults are determined by the white noise and the location of 
the 1/f corner frequency. 

Current noise is measured in the circuit shown and calcu- 
lated by the following formula: 

j _ [e 2 no-(130nV) 2 ] Vg 
n IMQxlOO 

10k 



The 0P-227/0P-237 achieves its low noise, in part, by 
operating the input stage at 120/<A versus the typical 
10/xA of most other op amps. Voltage noise is inversely 
proportional, while current noise is directly proportional to 
the square root of the stage current. Therefore, the OP-227/ 
OP- 237 current noise will be relatively high. At low frequen- 
cies, the low 1 /f current noise corner frequency ( = 1 20Hz) 
minimizes current noise to some extent. 


0.1Hz to 10Hz Noise Test Circuit 


0.1/iF 



0.1Hz to 10Hz p-p Noise 



0.01 0.1 1.0 10 100 
FREQUENCY (Hz) 


/Turm 
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APPUCATIOAS lAFOAmATlOA 

In most practical applications, however, current noise 
will not limit system performance. This is illustrated in the 
total noise versus source resistance plot, where total 
noise = [(voltage noise) 2 + (current noise xRs) 2 + 
(resistor noise) 2 ] % . 

Three regions can be identified as a function of source 
resistance: 

(i) Rs < 400ft- Voltage noise dominates 


APPUCATIOAS lAFOAmATIOn 

OP AMP MATCHING 

Advantages of Matched Dual Op Amps 

In many applications the performance of a system de- 
pends on the matching between two operational ampli- 
fiers rather than the individual characteristics of the two 
op amps. Two or three op amp instrumentation amplifiers, 
tracking voltage references and low drift active filters are 
some of the circuits requiring matching between two op 
amps. 

The well-known triple op amp configuration illustrates 
these concepts. Output offset is a function of the dif- 
ference between the offsets of the two halves of the 
0P-227/0P-237. This error cancellation principle holds 
for a considerable number of input referred parameters in 
addition to offset voltage and its drift with temperature. 
Input bias current will be the average of the two non- 
inverting input currents (le + ). The difference between 
these two currents (los + ) is the offset current of the in- 
strumentation amplifier. The difference between the in- 
verting input currents (los - ) will cause errors flowing 
through R1 , R2, and R3. Common mode and power sup- 
ply rejections will be dependent only on the match be- 
tween the two amplifiers (assuming perfect resistor 
matching). 

The concepts of common mode and power supply rejec- 
tion ratio match (ACMRR and APSRR) are best demon- 
strated with a numerical example: 

Assume CMRR A = + 1.0#»V/Vor 120dB, 
and CMRRb = +0.75 ytV/V or 122. 5dB, 
then ACMRR =0.25/tV/V or 132dB; 
if CMRRb = — 0.75/tV/V which is still 122. 5dB, 
then ACMRR = 1 .75 nV/ V or 1 1 5dB. 


(ii) 400ft <R S <50kftat1kHz Resistor noise 
4000 <R S <8kftat 10Hz dominates 

(iii) R s >50kftat1kHz Currentnoise 
R s > 8kft at 1 0Hz dominates 

Clearly the 0P-227/0P-237 should not be used in region 
(iii), where total system noise is at least six times higher 
than the voltage noise of the op amp, i.e. , the low voltage 
noise specification is completely wasted. 


Clearly, the 0P-227/0P-237, by specifying and guaran- 
teeing all of these matching parameters, can significantly 
improve the performance of matching dependent circuits. 

Three Op Amp Instrumentation Amplifier 



Trim R8 for gain 

Trim R9 for DC common mode rejection 
Trim RIO for AC common mode rejection 

Typical performance of the instrumentation amplifier: 

Input offset voltage =60/tV 

Input bias current = ±15nA 

Input offset current = ±20nA 

Input noise =0.08/iVp-p 

Power bandwidth (Vo = ± 10V) = 250kHz 
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INPUTS 


Two Op Amp Instrumentation Amplifier 


Dual Limit Microvolt Comparator 



Strain Gauge Signal Conditioner with Bridge Excitation 


+ 15V 






OP-227/OP-237 



PflCKflG€ DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


14-Lead Cavity DIP (J) 



0P-227EJ 0P-237EJ 
0P-227GJ 0P-237GJ 

Tjmax 

125°C 

Qja 

100°C/W 

0P-227AJ 0P-237AJ 
OP-227CJ 0P-237CJ 

150°C 

100°C/W 



14-Lead Molded DIP (N) 
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TECHNOLOGY 


SECTION 3— VOLTAGE REFERENCES 

INDEX 3-2 

SELECTION GUIDE 3-3 

PROPRIETARY PRODUCTS 

L TZ1000, Ultra Precision Reference 3-9 

L TZ1000A, Ultra Precision Reference 3-9 

LT1004, Micropower Voltage Reference 3-17 

L T1004CS8- 1.2/LT 1004CS8-2. 5, Micropower Voltage References 3-25 

L T 1009 Series, 2. 5 Volt Reference 3-27 

LT1009S8, 2.5 Volt Reference 3-31 

LT1019, Precision Reference 3-33 

LT1021, Precision Reference 3-41 

LT1 021 DCS8, Precision Reference 3-57 

LT1027, Precision 5V Reference 13-8 

L T 1029, 5V Bandgap Reference 3-61 

LT1 031 , Precision 10V Reference 3-65 

L T 1 034- 1.2/LT1 034-2. 5, Micropower Dual Reference 3-77 

LT1034CS8-1 .2/LT1034CS8-2. 5, Micropower Dual Reference 3-81 

LT 1431, Programmable Reference 13-72 

ENHANCED AND SECOND SOURCE PRODUCTS 

LH0070, Precision 10V Reference 3-65 

LM129/LM329, 6.9V Precision Voltage Reference 3-83 

LM 134 Series, Constant Current Source and Temperature Sensor 3-87 

LM334S8, Constant Current Source and Temperature Sensor 3-99 

LM136-2.5/LM336-2.5, 2.5 Volt Reference 3-101 

LM185-1.2/LM385-1. 2, Micropower Voltage Reference 3-105 

LM185-2.5/LM385-2. 5, Micropower Voltage Reference 3-109 

LM385S8-1.2/LM385S8-2. 5, Micropower Voltage Reference 3-113 

LM 1 99/LM399/LM 1 99A/LM399A, Precision Reference 3-115 

L T580, Precision Reference 3-121 

LT581, Precision Reference 3-121 

REF-01 /REF-02, Precision Voltage References 3-125 


3-2 


XTUQS3K 




VOLTAGE REFERENCE SELECTION GUIDE 


rrimm 

TECHNOLOGY 

millTAftV 

-55°Cto +125°C 


VOLTAGE 

v z 

(VOLTS) 

VOLTAGE 

TOLERANCE 

MAXIMUM 

T a =25°C 

DEVICE 

TEMPERATURE DRIFT, 
ppm/°C OR mV CHANGE 

OPERATING 
CURRENT RANGE 
(OR SUPPLY CURRENT) 

MAXIMUM 

DYNAMIC 

IMPEDANCE 

(fi) 

MAJOR FEATURE 

1.235 

±0.32% 

LT1004M-1.2 

20ppm (typ) 

10/iAto 20mA 

1.5 

Micropower 


±1% 

LM185-1.2 

20ppm (typ) 

%A to 20mA 

1.5 

Micropower 


±1% 

LT1034BM-1.2 

20ppm (max) 

20/tAto20mA 

1.5 

Low TC Micropower with 

7V Aux. Reference 


±1% 

LT1034M-1.2 

40ppm (max) 

20/tAto20mA 

1.5 

Low TC Micropower with 

7V Aux. Reference 

2.5 

±0.5% 

LT1004M-2.5 

20ppm (typ) 

20/lA to 20mA 

1.5 

Micropower 


±0.2% 

LT1009M 

18mV(max) 

400/aA to 10mA 

1.0 

Precision 


±0.2% 

LT1019M-2.5 

25ppm (max) 

1.2mA 

N/A 

Precision Bandgap 


±2% 

LM 136-2.5 

18mV (max) 

400/iA to 10mA 

1.0 

General Purpose 


±1% 

LM136A-2.5 

18mV (max) 

40Q^A to 10mA 

1.0 

General Purpose 


±1.5% 

LM 185-2.5 

20ppm (typ) 

20/rA to 20mA 

1.5 

Micropower 


±1% 

LT580S 

55ppm (max) 

1.5mA 

N/A 

3 Terminal Low Drift 


±0.4% 

LT580T 

25ppm (max) 

1.5mA 

N/A 

3 Terminal Low Drift 


±0.4% 

LT580U 

lOppm (max) 

1.5mA 

N/A 

3 Terminal Low Drift 

4.5 

±0.2% 

LT1019M-4.5 

25ppm(max) 

1.2mA 

N/A 

Precision Bandgap 

5.0 

±0.2% 

LT1019M-5 

25ppm (max) 

1.2mA 

N/A 

Precision Bandgap 


±1% 

LT1021BM-5 

5ppm (max) 

1.2mA 

0.1 

Very Low Drift 


±0.05% 

LT1021CM-5 

20ppm (max) 

1.2mA 

0.1 

Very Tight Inital Tolerance 


±1% 

LT1021DM-5 

20ppm (max) 

1.2mA 

0.1 

Low Cost, High Performance 


±0.2% 

LT1 029AM 

20ppm (max) 

700/iA to 10mA 

0.6 

Precision Bandgap 


±1% 

LT1029M 

40ppm (max) 

700^Ato10mA 

0.6 

Precision Bandgap 


±0.3% 

REF02A 

8.5ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


±0.5% 

REF02 

25ppm (max) 

1.4mA 

N/A 

Precision Bandgap 

6.9 

±3% 

LM129A 

lOppm (max) 

600/lA to 15mA 

0.8 (typ) 

Low Drift 


±3% 

LM129B 

20ppm (max) 

600/lA to 15mA 

0.8 (typ) 

Low Drift 


±3% 

LM129C 

50ppm (max) 

600/iA to 15mA 

0.8 (typ) 

Low Cost 

6.95 

±2% 

LM199A 

0.5ppm(max)-55°Cto + 85°C 
lOppm (max) + 85°C to + 125°C 

500/iA to 10mA 

1.0 

Ultra Low Drift 


i ±2% 

LM199 

1 ppm (max) - 55°C to + 85°C 
15ppm (max) + 85°C to + 125°C 

500/lA to 10mA 

1.0 

Ultra Low Drift 

7.0 

±0.7% 

LT1021BM-7 

5ppm (max) 

1.0mA 

0.2 

Low Drift/Noise, Exc. 

Stability 


±0.7% 

LT1021DM-7 

20ppm (max) 

1.0mA 

0.2 

Low Cost, High Performance 

10.0 

±0.2% 

LT1019M-10 

25ppm (max) 

1.2mA 

N/A 

Precision Bandgap 


±0.5% 

LT1021BM-10 

5ppm (max) 

1.7mA 

0.25 

Very Low Drift 


±0.05% 

LT1021CM-10 

20ppm (max) 

1.7mA 

0.25 

Very Tight Initial Tolerance 


±0.5% 

LT1021DM-10 

20ppm (max) 

1.7mA 

0.25 

Low Cost, High Performance 


±0.05% 

LT1031BM 

5ppm (max) 

1.7mA 

0.25 

Very Low Drift 


±0.1% 

LT1031CM 

15ppm(max) 

1.7mA 

0.25 

Very Tight Initial Tolerance 


±0.2% 

LT1031 DM 

25ppm (max) 

1.7mA 

0.25 

Low Cost, High Performance 


±0.3% 

LT581J 

30ppm (max) 

1.0mA 

N/A 

3 Terminal Low Drift 


±0.1% 

LT581T 

15ppm(max) 

1.0mA 

N/A 

3 Terminal Low Drift 


±0.05% 

LH0070-2 

6.7ppm (max) 

5.0mA 

0.6 

Low Drift 


±0.1% 

LH0070-1 

17ppm(max) 

5.0mA 

0.6 

Good Initial Tolerance 


±0.1% 

LH0070-0 

33ppm (max) 

5.0mA 

0.6 

Low Cost, High Performance 


±0.3% 

REF01A 

8.5ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


±0.5% 

REF01 

25ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


xrum 
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VOLTAGE REFERENCE SELECTION GUIDE 


COIMIICftCIAL 

0°Cto+70°C 


VOLTAGE 

V Z 

(VOLTS) 

VOLTAGE 

TOLERANCE 

MAXIMUM 

T a =25°C 

DEVICE 

TEMPERATURE DRIFT, 
ppm/°C OR mV CHANGE 

OPERATING 
CURRENT RANGE 
(OR SUPPLY CURRENT) 

MAXIMUM 

DYNAMIC 

IMPEDANCE 

(0) 

MAJOR FEATURE 

1.235 

±0.32% 

LT1004C-1.2 

20ppm (typ) 

10/rAto20mA 

1.5 

Micropower 


±0.32% 

LT1004CS8-1.2 

20ppm (typ) 

10/iA to 20mA 

1.5 

Micropower 


±1% 

LT1034BC-1.2 

20ppm (max) 

20/iA to 20mA 

1.5 

Low TC Micropower with 

7V Aux. Reference 


±1% 

LT1034C-1.2 

40ppm (max) 

20/lA to 20mA 

1.5 

Low TC Micropower with 

7V Aux. Reference 


±2% 

LM385-1.2 

20ppm (typ) 

15/iA to 20mA 

1.5 

Micropower 


±1% 

LM385B-1.2 

20ppm (typ) 

15/iAto 20mA 

1.5 

Micropower 

2.5 

±0.5% 

LT1004C-2.5 

20ppm (typ) 

20/iA to 20mA 

1.5 

Micropower 


±0.8% 

LT1004CS8-2.5 

20ppm (typ) 

20/iA to 30mA 

1.5 

Micropower 


±0.2% 

LT1Q09C 

6mV (max) 

400/iA to 10mA 

1.4 

Precision 


±2.5% 

LT1009S8 

25ppm (max) 

400/aA to 20mA 

0.6 

Precision 


±0.2% 

LT1019C-2.5 

20ppm (max) 

1.2mA 

N/A 

Precision Bandgap 


±4% 

LM336-2.5 

6mV (max) 

400/lA to 10mA 

1.4 

General Purpose 


±2% 

LM336B-2.5 

6mV (max) 

400/iA to 10mA 

1.4 

General Purpose 


±3% 

LM385-2.5 

20ppm (typ) 

20/iA to 20mA 

1.5 

Micropower 


±1.5% 

LM385B-2.5 

20ppm (typ) 

20/tA to 20mA 

1.5 

Micropower 


±3% 

LT580J 

85 (max) 

1.5mA 

N/A 

3 Terminal Low Drift 


±1% 

LT580K 

40 (max) 

1.5mA 

N/A 

3 Terminal Low Drift 


±0.4% 

LT580L 

25 (max) 

1.5mA 

N/A 

3 Terminal Low Drift 


±0.4% 

LT580M 

10 (max) 

1.5mA 

N/A 

3 Terminal Low Drift 

4.5 

±0.2% 

LT1019C-4.5 

20ppm(max) 

1.2mA 

N/A 

Precision Bandgap 

5.0 

±0.2% 

LT1019C-5 

20ppm (max) 

1.2mA 

N/A 

Precision Bandgap 


±1% 

LT1021BC-5 

5ppm (max) 

1.2mA 

0.1 

Very Low Drift 


±0.05% 

LT1021CC-5 

20ppm (max) 

1.2mA 

0.1 

Very Tight Inital Tolerance 


±1% 

LT1 021 DC-5 

20ppm (max) 

1.2mA 

0.1 

Low Cost, High Performance 


±1% 

LT1021CS8 

20ppm (max) 

1.2mA 

0.1 

Low Cost, High Performance 


±0.2% 

LT1029AC 

20ppm (max) 

700/tA to 10mA 

0.6 

Precision Bandgap 


±1% 

LT1029C 

34ppm (max) 

700/iA to 10mA 

0.6 

Precision Bandgap 


±0.3% 

REF02E 

8.5ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


±0.5% 

REF02H 

25ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


±1% 

REF02C 

65ppm (max) 

1.6mA 

N/A 

Precision Bandgap 


±2% 

REF02D 

250ppm(max) 

2.0mA 

N/A 

Bandgap 

6.9 

±3% 

LM329A 

lOppm(max) 

600/iA to 15mA 

1-0 (typ) 

Low Drift 


±5% 

LM329B 

20ppm (max) 

600/iA to 15mA 

i-0 (typ) 

Low Drift 


±5% 

LM329C 

50ppm (max) 

600/iA to 15mA 

1.0 (typ) 

General Purpose 


±5% 

LM329D 

lOOppm (max) 

600/tA to 15mA 

1.0 (typ) 

General Purpose 


±4% 

LTZ1000 

0.1ppm/°C 

4mA 

20.0 

Ultra Low Drift, 

2ppm Long Term Stability* 

6.95 

±5% 

LM399 

2ppm(max) 

500/iA to 10mA 

1.5 

Ultra Low Drift 


±5% 

LM399A 

Ippm (max) 

500/iA to 10mA 

1.5 

Ultra Low Drift 

7.0 

±0.7% 

LT1021BC-7 

5ppm (max) 

1.0mA 

0.2 

Low Drift/Noise, Exc. 

Stability 


±0.7% 

LT1021 DC-7 

20ppm (max) 

1.0mA 

0.2 

Low Cost, High Performance 

10.0 

±0.2% 

LT1019C-10 

20ppm (max) 

1.2mA 

N/A 

Precision Bandgap 


±0.5% 

LT1021BC-10 

5ppm (max) 

1.7mA 

0.25 

Very Low Drift 


±0.05% 

LT1021CC-10 

20ppm (max) 

1.7mA 

0.25 

Very Tight Initial Tolerance 


±0.5% 

LT1 021 DC-10 

20ppm (max) 

1.7mA 

0.25 

Low Cost, High Performance 


±0.5% 

LT1031BC 

5ppm (max) 

1.7mA 

0.25 

Very Low Drift 


±0.1% 

LT1031CC 

15ppm (max) 

1.7mA 

0.25 

Very Tight Initial Tolerance 


±0.2% 

LT1031DC 

25ppm (max) 

1.7mA 

0.25 

Low Cost, High Performance 


±0.3% 

LT581J 

30ppm (max) 

1.0mA 

N/A 

3 Terminal Low Drift 


±0.1% 

LT581K 

15ppm (max) 

1.0mA 

N/A 

3 Terminal Low Drift 


±0.3% 

REF01E 

8.5ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


±0.5% 

REF01H 

25ppm (max) 

1.4mA 

N/A 

Precision Bandgap 


±1% 

REF01C 

65ppm (max) 

1.6mA 

N/A 

Precision Bandgap 


* LTZ1000 requires external control and biasing circuits. 
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VOLTAGE REFERENCE SELECTION GUIDE 


LT580 

TO-52 

INPUT 



GROUND 
BOTTOM VIEW 


- F€ATUR€S - 

■ 2.5V Output 

■ Direct Replacement for 
Analog Devices 

■ Selected Parts with 
10ppm/°CTC 

■ Low Quiescent Current 


- mini DcscMPTion 

Alternate source for industry 
standard 2.5V 3 terminal 
reference. 


LT581 


TO-5 

INPUT 



GROUND 
BOTTOM VIEW 


- F€ATUR€S - 

■ 10V Output 

■ Direct Replacement for 
Analog Devices 

■ Low Quiescent Current 


- mini DcscRiPTion - 

Alternate source for industry 
standard 10V 3-terminal 
reference. 


LM129/329 


TO-46 



BOTTOM VIEW 


- FCATURCS - 

■ Low Noise 

■ Low Cost 

■ Max Temperature Drift 
Selections 10, 20, 50 and 
100ppm/°C 

■ Wide Operating Current 
Range 


- mini DcscRiPTion - 

Subsurface zener reference with 
wide operating current range 
from 600/xA to 15mA. Similar to 
LM199/399 without stabilizing 
heater on the die. 


LM199A/199 

LM399A/399 


BLOCK DIAGRAM 


3 


1 

£ 

c 

3 T 

+ 

_ij 

] 

6 95V 

4 


2 


TO-46 



- F€ATUR€S - 

■ Ultra Low Drift 

■ Very Low Noise 

■ Wide Operating Current 
Range 

■ Provided with Thermal 
Shield 

■ Excellent Long Term 
Stability 

■ Low Hysteresis 

■ Guaranteed Long Term 
Stability Available 


- mini DcscRiPTion - 

An on board stabilizing heater 
keeps the die at constant 
temperature. Reference is a low 
noise subsurface zener. Excel- 
lent long term stability. 


111004 

LM185/385 



- FCRTURCS - 

■ Micropower 

■ 1.235V and 2.5V Available 

■ Low Dynamic Impedance 

■ Wide Operating Current 
Range 

■ Very Tight Tolerance 


- mini DcscRiPTion - 

Bandgap reference with oper- 
ating current range as low as 
lOpA. Low noise and good long 
term stability. 


/TuntAB 

JKLmf TECHNOLOGY 
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VOLTAGE REFERENCE SELECTION GUIDE 


LT1009 
LM1 36/336 



- FCflTURCS - 

■ No Adjustment Needed on 
LT1009 

■ Temperature Coefficient or 
Voltage Easily Adjusted on 
LM136 

■ Wide Operating Current 
Range 

■ Low Cost 

■ 2.5 V 

■ Very Tight Tolerance 


- mini DcscRiPTiofl - 

General purpose reference 
using bandgap circuit. Low cost, 
medium performance. 


LT1019 



TOP VIEW 


TOP VIEW 


*00 NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 


- F€RTUR€S - 

■ 2.5V, 4.5V, 5V and 10V 
Versions 

■ Plug-In Replacement for 
Many Devices 

■ Series or Shunt Operation 

■ Low Drift— 3ppm/°CTyp. 

■ 100% Noise Tested 

■ Optional Chip Heater Can 
Be Used for Lower Drift 

■ Temperature Output 


- mini DcscniPTion - 

Curvature corrected bandgap 
design for very low drift and 
tight initial tolerance. Replaces 
and upgrades REF01, REF02, 
MC14XXand other popular 
series type references. 


LT 1021 


TO-5 PLASTIC DIP 

NC* 



- F€RTUR€S - 

■ Ultra Low Drift 

■ Trimmed Output Voltage 

■ Very Low Noise 

■ Operates in Series or Shunt 
Mode 

■ Replaces REF01, REF02, 
LM368, MC1400 and MC1404 
with Improved Stability, 
Noise and Drift 


NC* ice 
Vin 2 = 
NC* 3cc 
GND4CC 


po 7 NC* 

6 VquT 


* DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 
* * NO TRIM PIN ON LT1021-7 DO NOT CONNECT 
EXTERNAL CIRCUITRY TO PIN 5 ON LT 1021 7 


- mini DcscmpTion - 

Trimmed voltage reference with 
ultra low drift. Reference is a 
low noise subsurface zener. 
Available in 5V,7V and 10V 
versions. The 7V and 10V ver- 
sions can be used as 2-terminal 
shunt regulators as well as 
series references. 
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VOLTAGE REFERENCE SELECTION GUIDE 


LT1029 



LT1031/LH0070 


TO-5 

INPUT 



GROUND 


BOTTOM VIEW 


- F€ATUR€S - 

■ 0.2% Output Tolerance 

■ 0.050 Shunt Impedance 

■ 700/iA to 10mA Operating 
Current 

■ Pin Compatible with 
LM 136-5 

■ 20ppm/°C Max. Drift Output 
Voltage Trim does not Affect 
Drift 

■ Can be Used as Positive or 
Negative Reference 


- F€ATUR€S - 

■ 10V Output 

■ Ultra Low Drift 

■ Very Low Noise 

■ Trimmed Output Voltage 

■ Operates in Series or Shunt 
Mode 

■ Pin Compatible with AD581 

■ LH0070 is a Direct 
Replacement for NSC 
LH0070 


- mini DcscmpTion - 

Precision 3 terminal shunt 5 V 
bandgap reference. Very low 
drift and tight initial output 
tolerance. 


- mini DcscAiPTion - 

Very low tempco is achieved 
without chip heater. The LT1031 
can replace the AD581 with 
better specifications. 


LT1034 



BOTTOM VIEW 


- F€ATUR€S - 

■ 1.2V and 2.5 Versions 

■ Guaranteed Drift of 
20ppm/°Cand 40ppm/°C 

■ 1.2V and 7V Reference 

■ 1.2V Reference Operates 
20/iA to 20mA 

■ 1% Tolerance on 1.2V 
Reference 

■ 7V Reference Operates 
100/iA to 20mA 

■ Compatible with the LM385 
and LT1004 


- mini ocscRiPTion - 

The LT 1 034 is a bandgap 1 .2V or 
2.5 V reference with low operat- 
ing current and low temperature 
coefficient, combined with a 7V 
subsurface zener reference on 
the same chip. 



‘DO NOT CONNECT EXTERNAL CIRCUITRY TO THESE PINS 
“REF02 ONLY 


- F€ATUR€S - 

■ Direct Replacement for PMI 
Devices 

■ Low Drift 

■ High Line Rejection 

■ Low Supply Current 

■ Temperature Output on 
REF02 


- mini DcscRiPTion - 

Industry standard 5 V and 10V 
bandgap voltage references. 


XTUQSI 
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TECHNOLOGY 


LTZ1Q00/LTZ1000A 
Ultra Precision Reference 


FCRTUACS 


DCSCMPTIOn 


■ 1.2/tVp-p Noise 

■ 2/iV Long Term Stability 

■ Very Low Hysteresis 

■ 0.05ppm/°C Drift 

■ Temperature Stabilized 


APPUCflTIOflS 

■ Voltmeters 

■ Calibrators 

■ Standard Cells 

■ Scales 

■ Low Noise RF Oscillators 


The LTZ1000 and LTZ1000A are ultra stable temperature 
controllable references. They are designed to provide 7 V 
outputs with temperature drifts of 0.05ppm/°C, about 
1.2/iVp-p of noise and long term stabilities of 2/iV per 
month. 

Included on the chip is a subsurface zener reference, 
heater resistor for temperature stabilization, and a tem- 
perature sensing transistor. External circuitry is used to 
set operating currents and to temperature stabilize the 
reference. This allows maximum flexibility and best long 
term stability and noise. 

The LTZ1000 and LTZ1000A references can provide supe- 
rior performance to older references such as the LM199 at 
the expense of increased circuit complexity and thermal 
layout considerations. The LTZ1000 is packaged in a 
standard TO-99 package while the LTZ1000A utilizes a 
proprietary high thermal resistance die attach which 
eases thermally insulating the reference. 


TVPicninppucATion 

Low Noise Reference 

LTZ1000 V| N >10V 




0 10 20 30 

DAYS 

LONG TERM STABILITY OF A TYPICAL DEVICE FROM TIME = 0 
WITH NO PRECONDITIONING OR AGING 


X7W5S 
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LTZ1 000/LTZ1000 A 


absolute mnximum ratirgs 


Heater to Substrate 35V 

Collector Emitter Breakdown Q1 15V 

Collector Emitter Breakdown Q2 35V 

Emitter Base Reverse Bias 2V 

Operating Temperature Range -55 °C<Ta<125°C 

Storage Temperature Range -65 °C<Ta<150°C 

Substrate Forward Bias 0.1V 


pRcconDiTiomriG 

150°C Burn-In 


PACKAGE/ORDER MFORfflATIOR 



€L€CTRICRL CHARACTERISTICS (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Zener Voltage 

l z = 5mA,(V z + VBE Q1 ) l Q1 = 1(%A 

7.0 

7.2 

7.5 

V 


l z = 1 mA, (V z + VBE q1 ) I Q1 = 100/xA 

6.9 

7.15 

7.45 

V 

Zener Change with Current 

1mA<l z <5mA 


80 

240 

mV 

Zener Leakage Current 

V Z = 5V 


20 

200 

M A 

Zener Noise 

l z = 5mA,0.1Hz<f<10Hz 


1.2 

2 

/*Vp-p 


Iqi = 100/iA 





Heater Resistance 

l L <100^A 

200 

300 

420 

0 

Heater Breakdown Voltage 


I 35 ! 

V 

Transistor Q1 Breakdown 

l c = 10/iA, LVCEO 

15 

20 


V 

Transistor Q2 Breakdown 

l c = 10/iA, LVCEO 

35 

50 


V 

Q1,Q2 Current Gain 

l c = IOO^iA 

80 

200 

450 


Thermal Resistance 

LTZ1000 Time = 5 Minutes 


80 


°c/w 


LTZ1000A Time = 5 Minutes 


400 


°c/w 

Long Term Stability 

T = 65°C 

2 

jiV/V khr 


Note 1: All testing is done at 25°C. Pulse testing is used for LTZ1000A to 
minimize temperature rise during testing. LTZ1000 and LTZ1000A devices 
are QA tested at - 55°C and 125°C. 
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LTZ1000/LTZ1000A 


pm Funcnons 

Pin 1: Heater positive. Must be more positive than Pin 4 
and less than 40V. 

Pin 2: Heater negative. Must be more positive than Pin 4 
and less than 40V. 

Pin 3: Zener positive. Must be more positive than Pin 4. 

Pin 4: Substrate and Zener negative. Must be more posi- 
tive than pin 7. If Q1 is Zenered (about 7V) a permanent 
degradation in beta will result. 


Pin 5: Temperature compensating transistor collector. 

Pin 6: Temperature sensing transistor base. If the base 
emitter junction is Zenered (about 7V) the transistor will 
suffer permanent beta degradation. 

Pin 7: Emitter of sensing and compensating transistors. 
Pin 8: Collector of sensing transistor. 


TYPICAL P€RFORfflARC€ CHARACTERISTICS 


Zener Voltage vs Current 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
ZENER CURRENT (mA) 


Zener Voltage Noise Spectrum 



0.1 1 10 100 


FREQUENCY (Hz) 


Zener Noise 



HI 

■SQU 
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Die Temperature Rise vs Heater 
Power 

0.8 | i i i 1 1 1 1 t 1 



0 I I I I I I I I I I I 

25 35 45 55 65 75 85 95 105 115 125 

DIE TEMPERATURE ABOVE AMBIENT (°C) 


Die Temperature Rise vs Time 



0.1 1 10 100 1000 
TIME (SECONDS) 


Die Temperature Rise vs Time 



0.1 1 10 100 1000 
TIME (SECONDS) 











LTZ1000/LTZ1000A 


nPPUCRTIOfl HlfITS 

LTZ1000 and LTZ1000A are capable of providing ultimate 
voltage reference performance. Temperature drifts of bet- 
ter than 0.03ppm/°C and long term stability on the order of 
1/tV per month can be achieved. Noise of about 0.15ppm 
can also be obtained. This performance is at the expense 
of circuit complexity, since external influences can easily 
cause output voltage shifts of more than 1 ppm. 

Thermocouple effects are one of the worst problems and 
can give apparent drifts of many ppm/°C as well as cause 
low frequency noise. The kovar input leads of the TO-5 
package form thermocouples when connected to copper 
PC boards. These thermocouples generate outputs of 
35/iV/°C. It is mandatory to keep the zener and transistor 
leads at the same temperature, otherwise 1 to 5ppm shifts 
in the output voltage can easily be expected from these 
thermocouples. 

Air currents blowing across the leads can also cause 
small temperature variations, especially since the pack- 
age is heated. This will look like 1 to 5ppm of low fre- 
quency noise occurring over a several minute period. For 
best results, the device should be located in an enclosed 
area and well shielded from air currents. 

Certainly, any temperature gradient externally generated, 
say from a power supply, should not appear across the 
critical circuitry. The leads to the transistor and zener 
should be connected to equal size PC traces to equalize 
the heat loss and maintain them at similar temperatures. 
The bottom portion of the PC board should be shielded 
against air currents as well. 

Resistors, as well as having resistance temperature coeffi- 
cients, can generate thermocouple effects. Some types of 
resistors can generate hundreds of microvolts of thermo- 
couple voltage. These thermocouple effects in the resistor 
can also interfere with the output voltage. Wire wound re- 
sistors usually have the lowest thermocouple voltage, 
while tin oxide type resistors have very high thermocouple 
voltage. Film resistors, especially Vishay precision film re- 
sistors, can have low thermocouple voltage. 


Ordinary breadboarding techniques are not good enough 
to give stable output voltage with the LTZ1000 family de- 
vices. For breadboarding, it is suggested that a small 
printed circuit board be made up using the reference, the 
amplifier, and wire wound resistors. Care must be taken to 
ensure that heater current does not flow through the same 
ground lead as the negative side of the reference (emitter 
of Q1). Current changes in the heater could add to or sub- 
tract from the reference voltage causing errors with tem- 
perature. Single point grounding using low resistance 
wiring is suggested. 

Setting Control Temperature 

The emitter-base voltage of the control transistor sets the 
stabilization temperature for the LTZ1000. With the values 
given in the applications, temperature is normally 60°C. 
Production variations in emitter-base voltage will typically 
cause about ± 10°C variation. Since the emitter-base volt- 
age changes about 2mV/°C and is very predictable, other 
temperatures are easily set. 

The lowest temperature consistent with the operating 
environment should be used. Higher temperatures ac- 
celerate aging and decrease long term stability. The 
LTZ1000A should be set about 10°C higher than the 
LTZ1000. This is because normal operating power dissipa- 
tion in the LTZ1000A causes a temperature rise of about 
10°C. Of course both types of devices should be insulated 
from ambient. Several minutes of warm-up is usual. 

For applications not requiring the extreme precision or the 
low noise of the LTZ1000, Linear Technology makes a 
broad line of voltage references. Devices like the LT1021 
can provide drifts as low as 2ppm/°C and devices such as 
the LM399A can provide drifts of 1ppm/°C. Only applica- 
tions requiring the very low noise or low drift with time of 
the LTZ1000 should use this device. Application help is 
available from Linear Technology. 
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LTZ1000/LTZ1000A 


TYPICAL APPLICATION 

Negative Voltage Reference 



APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A lOOppm CHANGE IN 


RESISTOR VALUES: 

lOOppm = AR(fi) 

AV Z 

R1 

0.012Q 

Ippm 

R2 

7fi 

0.3ppm 

R3 

7Q 

0.2ppm 

R4/R5 RATIO 

AR=0.01% 

Ippm 


BOTH A1 AND A2 CONTRIBUTE LESS THAN 2 M V OF OUTPUT DRIFT OVER A 50°C RANGE. 





3-13 





LTZ1000/LTZ1000A 


TYPICAL APPUCRTIOnS 


Adjusting Temperature Coefficient in Unstabilized Applications 


15V 




‘PULSE HEATER ON AND OFF TO HEAT AND COOL THE 
REFERENCE. ADJUST R1 FOR MINIMUM VOLTAGE 
CHANGE THROUGH A TEMPERATURE CYCLE. 


7V Positive Reference Circuit 


ZENER + 
SENSE 


V + 
15V 



ZENER ~ 
SENSE 


0.022/lF 


GROUND 
ZENER " 
FORCE 


HEATER 
RETURN 
(TIED TO 
GROUND) 



‘PROVIDES TC COMPENSATION, DELETE FOR LTZ1000A. 

APPROXIMATE CHANGE IN REFERENCE VOLTAGE FOR A lOOppm (0.01%) CHANGE IN 
RESISTOR VALUES: 



AR(Q) 

A V z 

R1 

0.0120 

Ippm 

R2 

70 

0.3ppm 

R3 

70 

0.2ppm 

R4/R5 RATIO 

AR=0.01% 

Ippm 


BOTH A1 AND A2 CONTRIBUTE LESS THAN 2/i\l OF OUTPUT DRIFT OVER A 50°C RANGE. 
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LTZ1000/LTZ1000A 


BLOCK DIAGAAfl) 



‘SUBSTRATE DIODES-DO NOT FORWARD BIAS 


PACKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 



NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 

H8188 



0JA 

LTZ1000 

80°C/W 

LTZ1000A 

400°C/W 


XTUD83K 
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NOTES 


XTUDS* 



LT 1 004 


rrwm 

.Av/ TECHNOLOGY 


Fcnruncs 

■ Guaranteed ±4mV initial accuracy LT1 004- 1.2 

■ Guaranteed ± 20mV accuracy LT1004-2.5 

■ Guaranteed 10/uA operating current 

■ Guaranteed temperature performance 

■ Operates up to 20mA 

■ Very low dynamic impedance 


APPUCOTIOrtS 

■ Portable meter references 

■ Portable test instruments 

■ Battery operated systems 

■ Current loop instrumentation 


Micropower Voltage 
References 

DCSCRIPTIOn 

The LT1004 Micropower Voltage References are two 
terminal bandgap reference diodes designed to pro- 
vide high accuracy and excellent temperature charac- 
teristics at very low operating currents. Optimization 
of the key parameters in the design, processing and 
testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
lot of LT 1004-1.2. Virtually all of the units fall well 
within the prescribed limits of ±4mV. 

The LT1004 is a pin for pin replacement for the 
LM185/385 series of references with improved accu- 
racy specifications. More important, the LT1004 is an 
attractive device for use in systems where accuracy 
was previously obtained at the expense of power con- 
sumption and trimming. 

For a low drift micropower reference with guaranteed 
temperature coefficient, see the LT1034 data sheet. 


Micropower Cold Junction Compensation For Thermocouples 


Typical Distribution of 
Reference Voltage (LT1004-1.2) 



THERMOCOUPLE * QUIESCENT CURRENT a 15nA 


TYPE 

Ri 

t YELLOW SPRINGS INST. CO. 

J 

233k 

PART #44007 

K 

299k 


T 

300k 

COMPENSATES WITHIN 

S 

2.1M 

± 1°C FROM 0°CTO 60°C 
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LT 1 004 


flfisoiuT€ maximum nmmGS 

Reverse Breakdown Current 30mA 

Forward Current 10mA 

Operating Temperature Range 

LT1004M — 55°C to 125°C 

LT1004C 0°Cto70°C 

Storage Temperature Range 

LT1004M — 65°Cto 150°C 

LT1004C — 65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRGC /ORDCR IRFORfllRTIOR 



€l€CTRICRl CHRRRCT6RISTICS (See Rote 1) 






LT1004-1.2 


LT1 004-2.5 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

l R = 100^ A 


1.231 

1.235 

1.239 

2.480 

2.500 

2.520 

V 


LT1004M -55°C < T A < 125°C 

• 

1.220 

1.230 

1.245 

2.460 

2.500 

2.535 

V 



LT1004M/C 0°C < T A < 70°C 

• 

1.225 

1.235 

1.245 

2.470 

2.500 

2.530 

V 

AV Z 

Average Temperature Coefficient 

l min < l R ^ 20mA (Note 2) 



20 



20 


ppm/°C 

A Temp 











Imin 

Minimum Operating Current 


• 


8 

10 


12 

20 

mA 

AVz 

Reverse Breakdown Voltage 

l min < l R < 1mA 




1 



1 

mV 

AIr 

Change with Current 


• 



1.5 



1.5 

mV 



1mA l R ^ 20mA 




10 



10 

mV 






20 



20 

mV 

rz 

Reverse Dynamic Impedance 

l R = 100mA 



0.2 

0.6 


0.2 

0.6 

a 




• 1 



1.5 



1.5 

a 

6n 

Wide Band Noise (RMS) 

I r = 100mA 

10Hz < f < 10kHz 


60 

120 

mV 

CD 

Long Term Stability 

l R = 100mA 

T a = 25°C ± 0.1°C 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: All specifications are for T A = 25°C unless otherwise noted. 
Note 2: Selected devices with guaranteed maximum temperature 
coefficient are available upon request. 
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NOISE (nV/VHz) REVERSE VOLTAGE (V) REVERSE CURRENT ( M A) 


LT 1 004 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 1.2 VOLT 


Reverse Characteristics Reverse Voltage Change Forward Characteristics 



0 0.2 0 4 0 6 0 8 1.0 1.2 1.4 0 01 0 1 1 10 100 0 01 0 1 1 10 
REVERSE VOLTAGE (V) REVERSE CURRENT (mA) FORWARD CURRENT (mA) 


Temperature Drift Reverse Dynamic Impedance Reverse Dynamic Impedance 



5 +25 +45 +65 +85 +105 +125 

0.01 

0.1 1 10 

100 

10 

100 

Ik 10k 

TEMPERATURE (°C) 


REVERSE CURRENT (mA) 




FREQUENCY (Hz) 


Noise Voltage Filtered Output Noise Response Time 



u\sm 














REFERENCE VOLTAGE 


LT 1 004 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 2.5 VOLT 


Reverse Characteristics 



0 0.5 1.0 1.5 2.0 2.5 3.0 

REVERSE VOLTAGE (V) 


Forward Characteristics 



Temperature Drift Reverse Dynamic Impedance 

2.515 
2.510 
2.505 
2.500 
2.495 
2.490 
2.485 
2.480 

-55 -35 -15 5 25 45 65 85 105 125 0.01 0.1 1 10 100 

TEMPERATURE (°C) REVERSE CURRENT (mA) 




Reverse Dynamic Impedance 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Noise Voltage Filtered Output Noise Response Time 



FREQUENCY (Hz) CUTOFF FREQUENCY (Hz) 
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LT 1 004 


TVPicm nppucnrnons 


High Stability 5V Regulator 


Ground Referenced Current Source 



+ 15V 



* MAY BE INCREASED 
FOR SMALL OUTPUT CURRENTS 


^ Iqut + 10m A 


2k* 


LT 1004- 1.2 


1.235 

R 


0-100°C Linear Output Thermometer 


NETWORK DETAIL 
YSI 44201 



UMSS, 
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LT 1 004 

TYPICAL APPLICATION 


Low Temperature Coefficient Constant Gain Amplifier 

2 Terminal Current Source Over Temperature 



Variable Output Supply 



Micropower Reference 

2.5V Reference from 9V Battery 1.2V Reference from 1.5V Battery 


5 V +9V + 1.5V* 



* OUTPUT REGULATES 
DOWN TO 1.285V 
FOR Iqut = 0 
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PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 

H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 


i , 0 20 9-0 219 

| (5" 300 — 5 503) 
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LT1004CS8-1.2/ 

LT1004CS8-2.5 


fTWm 

TECHNOLOGY 


FCflTURCS 

■ Guaranteed ±4mV initial accuracy LT1004-1.2 

■ Guaranteed ± 20mV accuracy LT 1004-2.5 

■ Guaranteed 10^A operating current 

■ Guaranteed temperature performance 

■ Operates up to 20mA 

■ Very low dynamic impedance 

nppucOTions 

■ Portable meter references 

■ Portable test instruments 

■ Battery operated systems 

■ Current loop instrumentation 


Micropower Voltage 
References 

DCSCRIPTIOn 

The LT1004 Micropower Voltage References are two 
terminal bandgap reference diodes designed to pro- 
vide high accuracy and excellent temperature charac- 
teristics at very low operating currents. Optimization 
of the key parameters in the design, processing and 
testing of the device results in accuracy specifications 
previously attainable only with selected units. Below 
is a distribution plot of reference voltage for a typical 
lot of LT1004-1.2. Virtually all of the units fall well 
within the prescribed limits of ±4mV. 

The LT1004 is a pin for pin replacement for the 385 
series of references with improved accuracy specifica- 
tions. More important, the LT1004 is an attractive 
device for use in systems where accuracy was 
previously obtained at the expense of power consump- 
tion and trimming. 

For a low drift micropower reference with guaranteed 
temperature coefficient, see the LT1034CS8 data sheet. 


Micropower Cold Junction Compensation For Thermocouples 


Typical Distribution of 
Reference Voltage (LT1004-1.2) 



THERMOCOUPLE 

TYPE Rt 

J 233k 

K 299k 

T 300k 

S 2.1M 


* QUIESCENT CURRENT a 15 M A 
t YELLOW SPRINGS INST. CO. 

PART #44007 

COMPENSATES WITHIN 
± 1°C FROM 0°C TO 60°C 



<M C\J C\J CM 


CO CO CO 


JTVXHt 
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LT1004CS8-12/ 

LT1004CS8-2.5 


nssoiuTC mnximum nminGS 

Reverse Breakdown Current 30mA 

Forward Current 10mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range — 65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IRFORinATIOfl 






ORDER PART 


TOP VIEW 


NUMBER 

NC [7 



— r 

u 

LT1004CS8-1.2 

NC |7 


r 


3 NC 

LT1004CS8-2.5 

NC [T 


A 

^ L 

H 


E 

- 

— 


71 NC 

(DO NOT USE) 




S8 PACKAGE 


PART MARKING 


PLASTIC SO 


0412 (1.2V VERSION) 





0425 (2.5V VERSION) 


ELECTRICAL CHARACTERISTICS (See Note 1) 






i LT 1004- 1.2 


LT1 004-2.5 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

l R = 100/uA 


1.231 

1.235 

1.239 

2.480 

2.500 

2.520 

V 


LT1004C 0°C < T a ^ 70°C 

• 

1.225 

1.235 

1.245 

2.470 

2.500 

2.530 

V 

AV Z 

A Temp 

Average Temperature Coefficient 

Imm ^ Ir < 20mA 


20 

20 

ppm/°C 

lm,n 

Minimum Operating Current 


• 


8 

10 


12 

20 

mA 

AV Z 

Reverse Breakdown Voltage 

Imm < Ir < 1mA 




1 



1 

mV 

AIr 

Change with Current 


• 



1.5 



1.5 

mV 



1mA ^ l R ^ 20mA 




10 



10 

mV 







20 



20 

mV 

r Z 

Reverse Dynamic Impedance 

Ir = 100/uA 



0.2 

0.6 


0.2 

0.6 

a 







1-5 



1.5 

n 

e n 

Wide Band Noise (RMS) 

Ir = 100/jA 

10Hz ^ f < 10kHz 


60 

120 

mV 

AV Z 

A Time 

Long Term Stability 

Ir = 100/iA 

T a = 25°C ± 0.1°C 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: All specifications are for T A = 25°C unless otherwise noted. 
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TECHNOLOGY 


F€RTUR€S 

■ 0.2% Initial Tolerance Max 

■ Guaranteed Temperature Stability 

■ Maximum 0.612 Dynamic Impedance 

■ Wide Operating Current Range 

■ Directly Interchangeable with LM136 for Improved 
Performance 

■ No Adjustments Needed for Minimum Temperature 
Coefficient 


rppucrtiors 

■ Reference for 5V Systems 

■ 8 Bit A/D and D/A Reference 

■ Digital Voltmeters 

■ Current Loop Measurement and Control Systems 

■ Power Supply Monitor 


LT1009 Series 
2.5 Volt Reference 


D€SCRIPTIOR 

The LT1009 is a precision trimmed 2.500 Volt shunt regu- 
lator diode featuring a maximum initial tolerance of only 
± 5mV. The low dynamic impedance and wide operating 
current range enhances its versatility. The 0.2% refer- 
ence tolerance is achieved by on-chip trimming which not 
only minimizes the initial voltage tolerance but also mini- 
mizes the temperature drift. 

Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad- 
justed ±5% to calibrate out system errors. In many 
applications, the LT1009 can be used as a pin-to-pin 
replacement of the LM136H-2.5 and the external trim 
network eliminated. 

For a lower drift 2.5V reference, see the LT1019 data 
sheet. 


2.5 Volt Reference 


5V-35V 




•DOES NOT AFFECT 
TEMPERATURE COEFFICIENT. 
±5% TRIM RANGE 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


/TLintAB 

JKLmW TECHNOLOGY 
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LT1009 Series 


absolute maximum ratirgs 

Reverse Current 20mA 

Forward Current 10mA 

Operating Temperature Range 

LT1009M — 55°Cto 125°C 

LT1009C 0°Cto70°C 

Storage Temperature Range 

LT1009M and C -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€A lAFOAmATlOA 



ELECTRICAL CHAAACT6AISTICS 







LT1009M 


LT1009C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN TYP 

MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

T a = 25°C, l R =1mA 


2.495 

2.500 

2.505 

2.495 2.500 

2.505 

V 

AV Z 

Reverse Breakdown Change with 

400/iA< l R < 10mA 



2.6 

6 

2.6 

10 

mV 

AIr 

Current 


• 


3 

10 

3 

12 

mV 

rz 

Reverse Dynamic Impedance 

l R = 1mA 



0.2 

0.6 

0.2 

1.0 





• 


0.4 

1 

0.4 

1.4 

0 

AV Z 

Temperature Stability 

Tmin^T a <T max 

• 



15 

1.8 

4 

mV 

ATemp 

Average Temperature Coefficient 

0°C<T a < 70°C 



15 

25 

15 

25 

ppm/°C 



-55°C<T a < 125°C (Note 1) 



25 

35 



ppm/°C 

A V z 

A Time 

Long Term Stability 

T a = 25°C±0.1°C, 1 R = 1 mA 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over full operating 
temperature range. 

Note 1: Average temperature coefficient is defined as the total voltage 
change divided by the specified temperature range. 
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LT1009 Series 


TVPICfll P€RFORmnnC€ CHflRflCTCRISTICS 


Reverse Characteristics 



0.5 1.0 1.4 1.8 2.2 2.6 

REVERSE VOLTAGE (V) 


Dynamic Impedance 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Forward Characteristics 



0.001 0.01 0.1 1 10 
FORWARD CURRENT (mA) 


Zener Noise Voltage 



Reverse Voltage Change 



0 4 8 12 16 20 

REVERSE CURRENT (mA) 


Response Time 






1 1 1 

H 




A 



OUTPUT 

M 





/ 


±iX_ 

TL 



— 

~ 

— 

— INF 

\ 5k — 

UT — 


■ 

■ 

a 

■ 

■ 

^ t - 

l k OUTPUT 

1 


f 



| 









INPUT 















0 1 20 
TIME (jiSEC) 


scHcmnnc DinGRnm 



XTUPS® 
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LT1009 Series 


TYPICAL APPLICATION 

Wide Supply Range, Adjustable Reference 




Low Temperature Coefficient Power Regulator 


LT317A 




PACKAGC DCSCAIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 
H Package Z Package 

Metal Can Plastic 
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/Turm 

TECHNOLOGY 


LT1009S8 


2.5 Volt Reference 


F€OTUft€S 

■ 0.4% Initial Tolerance Max 

■ Guaranteed Temperature Stability 

■ Maximum 0.6Q Dynamic Impedance 

■ Wide Operating Current Range 

■ Directly Interchangeable with LM336 for Improved 
Performance 

■ No Adjustments Needed for Minimum Temperature 
Coefficient 


flppucnnons 

■ Reference for 5 V Systems 

■ 8 Bit A/D and D/A Reference 

■ Digital Voltmeters 

■ Current Loop Measurement and Control Systems 

■ Power Supply Monitor 


DCSCRIPTIOH 

The LT1009 is a precision trimmed 2.500 Volt shunt regu- 
lator diode featuring a maximum initial tolerance of only 
± 1 0mV. The low dynamic impedance and wide operating 
current range enhances its versatility. The 0.4% refer- 
ence tolerance is achieved by on-chip trimming which not 
only minimizes the initial voltage tolerance but also mini- 
mizes the temperature drift. 

Even though no adjustments are needed with the LT1009, 
a third terminal allows the reference voltage to be ad- 
justed ±5% to calibrate out system errors. In many 
applications, the LT1009 can be used as a pin-to-pin 
replacement of the LM336-2.5 and the external trim net- 
work eliminated. 


2.5 Volt Reference 


5V-35V 



OUTPUT 


•DOES NOT AFFECT 
TEMPERATURE COEFFICIENT. 
±5% TRIM RANGE 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


/yum 

JKbmf TECHNOLOGY 
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LT1009S8 


absolute mnximum aatiags prckrge/order inFORmnnon 


Reverse Current 

20mA 




ORDER PART NUMBER 

Forward Current 

10mA 





LT1009S8 

Operating Temperature Range 

.. 0°Cto70°C 

NC [7 



T“ 

u 

Storage Temperature Range — 

65°Cto 150°C 

NC [7 


/■ 

±T 

3 NC 


Lead Temperature (Soldering, iO sec.) 

300 °C 

NC [7 


A 

n L 

1 




E 

- 

— 

1 

U ADJ 

PART MARKING 




S8 PACKAGE 


1009 




PLASTIC SO 




ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1009S8 
MIN TYP 

MAX 

UNITS 

Vz . J 

Reverse Breakdown Voltage 

T a = 25°C, I r = 1mA 


2.490 2.500 

2.510 

V 

AV Z 

Reverse Breakdown Change with Current 

400jtA<l R <10mA 


2.6 

10 

mV 

ai r 



• 

3 

12 

mV 

r Z 

Reverse Dynamic Impedance 

l R = 1mA 


0.2 

1.0 

Q 




• 

0.4 

1.4 

0 

AV Z 

Temperature Stability 

Tmin^T a <T max 

• 

1.8 

4 

mV 

ATemp 

Average Temperature Coefficient 

0°C<T A <70°C(Note 1) 


15 

25 

ppm/°C 

A V z 

Long Term Stability 

T a = 25°C ± 0.1 °C, l R = 1 mA 


20 


ppm/kHr 

ATime 








The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Average temperature coefficient is defined as the total voltage 
change divided by the specified temperature range. 


3-32 


XTUD83B 









TECHNOLOGY Precision Reference 


FCATURCS 

■ Available at 2.5 V, 4.5V, 5V, and 10V 

■ Plug-In Replacement for Present References 

■ Ultra Low Drift— 3ppm/°C Typical 

■ Curvature Corrected 

■ Series or Shunt Operation 

■ Ultra High Line Rejection »V 2 ppm/V 

■ Low Output Impedance =0.02Q 

■ Tight Initial Output Voltage <0.05% 

■ Can be Heated for Drifts below 2ppm/°C 

■ 100% Noise Tested 

■ Temperature Output 


APPIICATIOAS 

■ A to D and D to A Converters 

■ Precision Regulators 

■ Constant Current Sources 

■ V to F Converters 

■ Bridge Excitation 


DCSCRIPTIOA 

The LT1019 is a third generation bandgap voltage refer- 
ence utilizing thin film technology and a greatly improved 
curvature correction technique. Wafer level trimming of 
both reference and output voltage combines to produce 
units with high yields to very low TC and tight initial 
tolerance of output voltage. 


The LT1019 can both sink and source up to 10mA and 
can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and 
negative output voltages without external components. 
Minimum input-output voltage is less than IV in the 
series mode, providing improved tolerance of low line 
conditions. 

The LT1019 is available in four voltages: 2.5V, 4.5V, 5 V, 
and 1 0V. It is a direct replacement for most bandgap ref- 
erences presently available including AD580, AD581, 
REF-01, REF-02, MC1400, MC1404and LM168. 



For ultra low drift applications (<2ppm/°C), the LT1019 
can be operated in a heated mode by driving an internal 
resistor with an external amplifier. Chip temperature can 
be externally set for minimum power consumption. 


For a 6.2V version of the LT1019, consult the factory. 





3-33 









LT1019 


ABSOLUTE maximum RnTinGS PACKAG€/ORD€R lAFORmATIOR 


Input Voltage 40V 

Output Voltage (Note 1) 

LT1019-5, LT1019-10 16V 

LT1019-2.5, LT1019-4.5 7 V 

Output Short Circuit Duration (Note 1) 

Vin> 20V Indefinite 

20V<V|n< 35V 10 sec 

Trim Pin Voltage ±30V 

Temp Pin Voltage 5V 

Heater Voltage 

(Continuous) 18V 

(Intermittent— 30 sec.) 32 V 


ORDER PART 
NUMBER 


NC* 



GND (CASE) 

METAL CAN H PACKAGE 
‘INTERNALLY CONNECTED. DO NOT 


CONNECT EXTERNALLY. 


LT 101 9AM H - 1 0 
LT 1 01 9MH-1 0 
LT 1 01 9ACH-1 0 
LT 101 9CH-1 0 
LT1019AMH-5 
LT1019MH-5 
LT1019ACH-5 
LT 1 01 9CH-5 


LT1019AMH-4.5 
LT1019MH-4.5 
LT1019ACH-4.5 
LT 101 9CH-4.5 
LT1019AMH-2.5 
LT1019MH-2.5 
LT 101 9ACH-2.5 
LT 1 01 9CH-2.5 



]Qnc* 

7] HEATER 
7] OUTPUT 

TJtrim 


PLASTIC DIP N8 PACKAGE 
‘INTERNALLY CONNECTED. DO NOT 
CONNECT EXTERNALLY. 


LT1019ACN8-10 
LT 101 9CN8-1 0 
LT1019ACN8-5 
LT1019CN8-5 


LT1019ACN8-4.5 

LT1019CN8-4.5 

LT1019ACN8-2.5 

LT1019CN8-2.5 


AVAILABLE 
IN SO PACKAGE 


ELECTRICAL CHARACTERISTICS Vin-Vout = 5V, Iout = 0 , Tj = 25°C unless otherwise noted 







LT1019A 



LT1019 



SYMBOL 

PARAMETER 

CONDITIONS 







UNITS 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 



Output Voltage Tolerance 




0.002 

0.05 


0.02 

0.2 

% 

Tc 

Output Voltage 

LT1019C (0°C to 70°C) 

• 


3 

5 


5 

20 

ppm/°C 


Temperature Coefficient 
(Note 2) 

LT1019M (— 55°C to +125°C) 

• 


5 

10 


8 

25 

ppm/°C 

av out 

Line Regulation (Note 3) 

(V OU t + 1.5V)<V| N <40V 



0.5 

3 


0.5 

3 

ppm/V 

AV in 



• 


1 

5 


1 

5 

ppm /V 

RR 

Ripple Rejection 

50Hz<f <400Hz 


90 

110 


90 

110 


dB 




• 

84 



84 



dB 

AVqut 

Load Regulation Series 

0 2 £ 1 out — 10mA 



0.02 

0.05 


0.02 

0.05 

mV/mA (Q) 

a Iout 

Mode (Notes 3 and 4) 

• 



0.08 



0.08 

mV/mA (Q) 


Load Regulation, Shunt 

1 mA < 1 shunt ss 1 0mA 2.5V, 4.5V, 5V 

• 


0.1 

0.4 


0.1 

0.4 

mV/mA («) 


Mode 

(Notes 4 and 5) 10V 

• 



0.8 



0.8 

mV/mA (Q) 


Thermal Regulation 

AP = 200mW 



0.1 

0.5 


0.1 

0.5 

ppm/mW 


(Note 6) 

t = 50ms 









Iq 

Quiescent Current 




0.65 

1 


0.65 

1.2 

mA 

Series Mode 


• 



1.3 



1.5 

mA 


Minimum Shunt Current 

(Note 7) 

• 


0.5 

0.8 


0.5 

0.8 

mA 


Minimum Input-Output 

1 OUT — 1 m A 

• 


0.9 

1.1 


0.9 

1.1 

V 


Voltage Differential 

1 out = 1 0nn A 

• 



1.3 



1.3 

V 


Trim Range 

LT1019-2.5 


±4 

±6 


±4 

±6 


% 



LT1019-5 


±4 

+5, -13 


±4 

+ 5, -13 


% 



LT1019-10 


±4 

+5, -27 


±4 

+ 5, -27 


% 


Heater Resistance 



300 

400 

500 

300 

400 

500 

Q 

•sc 

Short Circuit Current 

2V<V, n <35V 


15 

25 

50 

15 

25 

50 

mA 

Output Connected to 
Ground 

• 

10 



10 



mA 



e n 

Output Voltage Noise 

10Hz <f < 1kHz 



2.5 

4 


2.5 

4 

ppm (Rms) 


(Note 9) 

0.1Hz <f<10Hz 



2.5 



2.5 


ppm (p-p) 
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LT1019 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: These are high power conditions and are therefore guaranteed 
only at temperatures equal to or below 70°C. Input is either floating, tied 
to output, or held higher than output. 

Note 2: Output voltage drift is measured using the box method. Output 
voltage is recorded at T M1N , 25°C, and T M ax- The lowest of these three 
readings is subtracted from the highest and the resultant difference is 
divided by (T max -T M in). 

Note 3: Line regulation and load regulation are measured on a pulse 
basis with low duty cycle. Effects due to die heating must be taken into 
account separately. See thermal regulation and application section. 

Note 4: Load regulation is measured at a point % " below the base of the 
package with Kelvin contacts. 

Note 5: Shunt regulation is measured with the input floating. This 
parameter is also guaranteed with the input connected {V )N - Vout) > 1 V, 
OmA <I S)NK < 10mA. Shunt and sink current flow into the output. 


Note 6: Thermal regulation is caused by die temperature gradients 
created by load current or input voltage changes. This effect must be 
added to normal line or load regulation. 

Note 7: Minimum shunt current is measured with shunt voltage held 
20mV below value measured at 1mA shunt current. 

Note 8: Minimum input-output voltage is measured by holding input 
voltage 0.5V above the nominal output voltage, while measuring 

v in-Vout- 

Note 9: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1 .1 is used to con- 
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 


TYPICAL PCRFORfllARCe CHARACTERISTICS 



Quiescent Current (LT1019-2.5) 



0 5 10 15 20 25 30 35 40 45 

INPUT VOLTAGE (V) 


Quiescent Current (LT1019-4.5, 5) 




■ 

■ 

■ 

■ 


■ 

■ 





■ 

■ 


■ 




■ 

■ 

■ 

■ 


B 

S 


■ 

m 

B 

2 



B 


a 

ss 


2 

£ 


g=S 

IB 


■ 

■ 

■ 

■ 

■ 


■ 

■ 

fi 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

rj 


■ 

■ 

■ 

■ 


■ 

■ 


0 5 10 15 20 25 30 35 40 45 

INPUT VOLTAGE (V) 


Quiescent Current (LT1019-10) 



0 5 10 15 20 25 30 35 40 45 

INPUT VOLTAGE (V) 


Minimum Input-Output Voltage 

Differential Load Regulation 


Ripple Rejection 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

INPUT-OUTPUT VOLTAGE (V) 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

SINKING SOURCING 

OUTPUT CURRENT (mA) 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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LT1019 


TYPICAL P€RFOR(IIAflC€ CHARACTCRISTICS 


Shunt Mode Characteristics 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

OUTPUT TO GROUND VOLTAGE (V) 


Temp Pin Voltage 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 


Shunt Mode Characteristics 
(LT1019-5) 



OUTPUT TO GROUND VOLTAGE (V) 


Line Regulation 



0 5 10 15 20 25 30 35 40 


INPUT VOLTAGE (V) 


Shunt Mode Characteristics 
(LT1019-10) 



0 \£L I I I I I I I I 

0 2 4 6 8 10 12 14 16 


OUTPUT TO GROUND VOLTAGE (V) 


LT1019-2.5* Stability with 
Output Capacitance 



SINK CURRENT SOURCE CURRENT 
>OUT ( mA ) 


*LT1019-4.5, 5, 10 Are Stable With All 
Load Capacitance. 


APPLICATORS IRFORmRTIOn 

Line and Load Regulation 

Line regulation on the LT1019 is nearly perfect. A 10V 
change in input voltage causes a typical output shift of 
less than 5ppm. Load regulation (sourcing current) is 
nearly as good. A 5mA change in load current shifts out- 
put voltage by only 100/tV. These are electrical effects, 
measured with low duty cycle pulses to eliminate heating 
effects. In real world applications, the thermal effects of 
load and line changes must be considered. 


Two separate thermal effects are evident in monolithic cir- 
cuits. One is a gradient effect, where power dissipation 
on the die creates temperature gradients. These gradi- 
ents can cause output voltage shifts even if the overall 
temperature coefficient of the reference is zero. The 
LT1019, unlike previous references, specifies thermal 
regulation caused by die temperature gradients. The 
specification is 0.5ppm/mW. To calculate the effect on 
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LT1019 


nppucOTions inFORmnTion 

output voltage, simply multiply the change in device 
power dissipation by the thermal regulation specification. 
Example: a 10V device with a nominal input voltage of 
15V and load current of 5mA. Find the effect of an input 
voltage change of IV and a load current change of 2mA. 

AP (line change) = (AVin )(Iload ) = (1V)(5mA) = 5mW 
AVout = (0.5ppm/mW)(5mW) =2.5ppm 
AP (load change) =(AI load)(Vin -Vout) 

= (2mA)(5V) = 10mW 
AVout = (0.5ppm/mW)(10mW) =5ppm 

Even though these effects are small, they should be taken 
into account in critical applications, especially where in- 
put voltage or load current is high. 

The second thermal effect is overall die temperature 
change. The magnitude of this change is the product of 
change in power dissipation times the thermal resistance 
(0ja) of the 1C package =(100°C/W-150°C/W). The 
effect on reference output is calculated by multiplying die 
temperature change by the temperature drift specification 
of the reference. Example: same conditions as above with 
0ja = 15O°C/W and an LT1019 with 20ppm/°C drift 
specification. 

AP (line change) =5mW 

AVout =(5mW)(150°C/W)(20ppm/°C) 

= 15ppm 
AP (load change) = 10mW 

AVout =(10mW)(150°C/W)(20ppm/°C) 
=30ppm 

These calculations show that thermally induced output 
voltage variations can easily exceed the electrical effects. 
In critical applications where shifts in power dissipation 
are expected, a small clip-on heat sink can significantly 
improve these effects by reducing overall die temperature 
change. Alternately, an LT1019A can be used with 4 
times lower TC. If warm-up drift is of concern, these 
measures will also help. With warm-up drift, total device 


power dissipation must be considered. In the example 
given, warm-up drift (worst-case) is equal to: 

Warm-up drift =[(V in)(Iq)+(Vin -Vout)(Iload)] 
[(0ja)(TC)] 

with Iq (quiescent current) = 0.6mA, 
warm-up drift =[(1 5V)(0. 6mA) +(5V)(5mA)] 
[(150°C/W)(25ppm/°C)] 

= 127.5ppm 

Note that 74% of the warm-up drift is due to load current 
times input-output differential. This emphasizes the im- 
portance of keeping both these numbers low in critical 
applications. With heavy loads, warm-up drift can also be 
improved using the technique described under “Driving 
Loads Above 10mA”, or by heat sinking. 

Note that line regulation is now affected by reference out- 
put impedance. R1 should have a wattage rating high 
enough to withstand full input voltage if output shorts 
must be tolerated. Even with load currents below 10mA, 
R1 can be used to reduce power dissipation in the 
LT1019 for lower warm-up drift, etc. 

Output Trimming 

Output voltage trimming on the LT1019 is nominally ac- 
complished with a potentiometer connected from output 
to ground with the wiper tied to the trim pin . The LT1 01 9 
was made compatible with existing references, so the 
trim range is large; +6%, -6% for the LT1019-2.5, 
+ 5% , - 1 3% for the LT1 01 9-5, and + 5% , - 27% for 
the LT1019-10. This large trim range makes precision 
trimming rather difficult. One solution is to insert resistors 
in series with both ends of the potentiometer. This has the 
disadvantage of potentially poor tracking between the 
fixed resistors and the potentiometer. A second method of 
reducing trim range is to insert a resistor in series with 
the wiper of the potentiometer. This works well only for 
very small trim range because of the mismatch in TCs 
between the series resistor and the internal thin film 
resistors. These film resistors can have a TC as high as 
500ppm/°C. That same TC is then transferred to the 
change in output voltage; a 1% shift in output voltage 


umm 
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causes a (500ppm) (1%)=5ppm/°C change in output 
voltage drift. The worst-case error in initial output voltage 
for the LT1019 is 0.2%, so a series resistor is satisfac- 
tory if the output is simply trimmed to nominal value. 
1ppm/°C TC shift would be the maximum expected. 

Using the Temp Pin 

The LT1 01 9 has a TEMP pin like several other bandgap ref- 
erences. The voltage on this pin is directly proportional to 
absolute temperature (PTAT) with a slope of «2.1mV/°C. 
Room temperature voltage is therefore =(295°K) 
(2.1mV/°C)=620mV. Previous bandgap references have 
been very sensitive to any loading on the TEMP pin because 
it is an integral part of the reference “core" itself. The 
LT1019 “taps” the core at a special point which has much 
less effect on the reference. The relationship between TEMP 
pin loading and a change in reference output voltage is less 
than 0.05% ///A, about 10 times improvement over previ- 
ous references. 

The TEMP pin can be used to sense chip temperature in 
applications where the chip is forced to constant temper- 
ature (see “Heated Mode”) or to sense ambient temper- 


ature in applications where the temperature difference 
between chip and ambient is tolerable or can be cali- 
brated out. Typical chip temperature rise over ambient is 
= 2°C with no output load and 15V input voltage, but it 
could be as high as 6°C with a 5mA load and 5V input- 
output differential. A Centigrade thermometer is shown in 
the application circuits. This particular configuration has 
the advantage of trimming “zero” and “slope” simul- 
taneously. The PTAT nature of the TEMP pin output has a 
known predictable relationship between initial zero error 
and slope. This circuit takes advantage of that relation- 
ship by trimming at 'a point that corrects the zero and 
slope errors simultaneously. 

A simple over-temp circuit is also shown in the applica- 
tion section using an LT1011 comparator. This circuit is 
intended to be an ambient sensor, so temperature rise in 
the reference must be considered when setting trip level. 
R2B is adjusted by connecting a DVM across the inputs of 
the comparator and setting the DVM to read 2.1 mV for 
each degree above room temperature. A 70°C trip would 
require (2.1mV)(70°C-22°C) = 101mV. R3 provides 
about 1 °C hysteresis to prevent oscillations. 


Wide Range Trim> ±5% 


Narrow Trim Range ( ±0.2%) 



Trimming LT1019-5 Output to 5.120V 



Trimming LT1019-10 Output to 10.240V 


V|M“ 


OI)T 

ITtOIMO 


OND 


.TRIM 


V OUT 

£ 90.9k 
> 1 % 


hi 


*LOW TC CERMET 


5k* 

±1% TRIM 


4.02k 

1 % 
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Precision 1/iA Current Source Negative 10V Reference for CMOS DAC 




Output Current Boost with Current Limit 


Negative Series Reference 




V + -5V „ |v-| -V REF 
2mA - R 2=— 1mA - 01 = v REF+5V 


BLOCK DIAGBAffl 


R1 

LT1019-2.5 = 1 1k, LT1019-4.5= 13.9k 
LT1019-5 = 16k, LT1 01 9-1 0=37. Ik 



rrunm 
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H Package Metal Can 



T)max 

0\» 

0 lt 

150°C 

150°C/W 

45°C/W 


N8 Package 8 Lead Plastic 


ral m I~6~| in 


D 


0 250±0.010 
(6.350±0 254) 


Lli UJ LU LlJ 



Tjmax 

«l» 

100°C 

130°C/W 
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Precision Reference 



F€ATUft€S 


DCSCMPTIOn 


■ Pin Compatible with Most Bandgap Reference 
Applications, Including Ref 01 , Ref 02, LM368, 
MC1400, and MC1404, with Greatly Improved 
Stability, Noise, and Drift 

■ Ultra Low Drift— 2ppm/°C Max Slope 

■ Trimmed Output Voltage 

■ Operates in Series or Shunt Mode 

■ Output Sinks and Sources in Series Mode 

■ Very Low Noise <1 ppm p-p (0.1Hz to 10Hz) 

■ > lOOdB Ripple Rejection 

■ Minimum Input-Output Differential of IV 

■ 100% Noise Tested 


APPUCOTIOnS 

■ A to D and D to A Converters 

■ Precision Regulators 

■ Digital Voltmeters 

■ Inertial Navigation Systems 

■ Precision Scales 

■ Portable Reference Standard 


The LT1021 is a precision reference with ultra low drift 
and noise, extremely good long term stability, and almost 
total immunity to input voltage variations. The reference 
output will both source and sink up to 10mA. Three volt- 
ages are available; 5V, 7V and 10V. The 7V and 10V units 
can be used as shunt regulators (two terminal zeners) 
with the same precision characteristics as the three ter- 
minal connection. Special care has been taken to mini- 
mize thermal regulation effects and temperature induced 
hysteresis. 


The LT 1 021 references are based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 



Unique circuit design makes the LT1 021 the first 1C refer- 
ence to offer ultra low drift without the use of high power 
on-chip heaters. 


The LT1021-7 uses no resistive divider to set output volt- 
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1021-5and LT1021-10are 
intended for systems requiring a precise 5 V or 10V refer- 
ence, with an initial tolerance as low as ±0.05%. 


Basic Positive and 
Negative Connections 



-15V 

(V-) 


Typical Distribution of 
Temperature Drift— LT1021 

24 
21 
18 
15 
12 
9 
6 
3 
0 

-5 -4 -3 -2 -1 0 1 2 3 4 5 

OUTPUT DRIFT (ppm/°C) 
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absolute maximum nnnnGs prckage/order inFonmRTion 


Input Voltage 40V 

Input-Output Voltage Differential 35V 

Output to Ground Voltage (Shunt Mode Current Limit) 

LT1021-5 10V 

LT1021-7 10V 

LT1021-10 16V 

Trim Pin to Ground Voltage 

Positive Equal to Vout 

Negative -20V 

Output Short Circuit Duration 

Vin = 35 V 10 sec 

Vin < 20V Indefinite 

Operating Temperature Range 

LT1021 Mil -55°Cto 125°C 

LT1021 Comm 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 
NC* 



GND 


METAL CAN H PACKAGE 

•CONNECTED INTERNALLY. DO 
NOT CONNECT EXTERNAL CIRCUITRY 
TO THESE PINS. 

**NO TRIM PIN ON LT1021-7. DO NOT 
CONNECT EXTERNAL CIRCUITRY TO 
PIN 5 ON LT1021-7. 


nc*(T 

TOP VIEW 

1]nc* 

VinE 


7]nc* 

nc*[T 


UVOUT 

GND [7 


5 ] TRIM* 


PLASTIC DIP N8 PACKAGE 
•CONNECTED INTERNALLY. DO 
NOT CONNECT EXTERNAL CIRCUITRY 
TO THESE PINS. 

•*N0 TRIM PIN ON LT1021-7. DO NOT 
CONNECT EXTERNAL CIRCUITRY TO 
PIN 5 ON LT1021-7. 


ORDER PART NUMBER 


LT1021AMH-10 
LT1021BMH-10 
LT1021CMH-10 
LT1021 DMH-10 
LT 1 021 ACH-10 
LT 1 021 BCH-1 0 
LT1021CCH-10 
LT1021 DCH-10 
LT1021AMH-7 
LT1021BMH-7 
LT1021DMH-7 
LT1021ACH-7 
LT1021 BCH-7 
LT1021 DCH-7 


LT 1 021 BCN8-5 
LT1021CCN8-5 
LT1021 DCN8-5 

LT 1 021 BCN8-7 
LT1 021 DON 8-7 

LT 1 021 BCN8-1 0 
LT 1 021 CCN8-1 0 
LT1021 DCN8-10 


LT1021BMH-5 
LT1021CMH-5 
LT1021DMH-5 
LT1021BCH-5 
LT1021CCH-5 
LT1021 DCH-5 


€l€CTRICRl CHARACTERISTICS LT1021-5 


Vi N = 10V, Iqut=0, Ta= 25°C, Mil or Comm version, unless otherwise noted 


PARAMETER 

CONDITIONS 


U1021-5 1 

UNITS 


MIN 

TYP 

MAX 




Output Voltage (Note 1 ) 

LT1021C-5 


4.9975 

5.000 

5.0025 

V 


LT1021B-5, D-5 


4.95 

5.00 

5.05 

V 

Output Voltage Temperature 

Coefficient (Note 2) 

T min <Tj<T MA x 

LT1021B-5 



2 

5 

ppm/°C 

LT1021C-5, D-5 



3 

20 

ppm/°C 

Line Regulation (Note 3) 

7.2V <V |N <10V 



4 

12 

ppm/V 


• 



20 

ppm/V 


10V <V| N <40V 



2 

6 

ppm/V 


• 



10 

ppm/V 

Load Regulation (Sourcing Current) 

0<l OUT <10mA 



10 

20 

ppm/mA 


(Note 3) 

• 



35 

ppm/mA 

Load Regulation (Sinking Current) 

0<l OUT <10mA 



60 

100 

ppm/mA 


(Note 3) 




150 

ppm/mA 

Supply Current 




0.8 

1.2 

mA 






1.5 

mA 

Output Voltage Noise (Note 5) 

0.1Hz<f<10Hz 



3 


/tVp-p 


10Hz<f < 1kHz 



2.2 

3.5 

jtVrms 

Long Term Stability of 

At = 1000 Hrs 



15 


ppm 

Output Voltage (Note 6) 

Non-Cumulative 






Temperature Hysteresis of Output 

AT = ±25°C 


1 !? 

ppm 
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ELECTRICAL CHARACTERISTICS LT1021-7 

Vin = 12V, Iout=0 5 Ta = 25°C, Mil or Comm version, unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1021-7 

MIN TYP MAX 

UNITS 

Output Voltage (Note 1) 



6.95 7.00 7.05 

V 

Output Voltage Temperature 

T m , n <Tj<T max 




Coefficient (Note 2) 

LT1021A-7 


1 2 

ppm/°C 


LT1021B-7 


2 5 

ppm/°C 


LT1 0210-7 


3 20 

ppm/°C 

Line Regulation (Note 3) 

8.5V<V, n <12V 


1 4 

ppm/V 




2 8 

ppm/V 


12V <V, n <40V 


0.5 2 

ppm/V 



• 

1 4 

ppm/V 

Load Regulation (Sourcing Current) 

0<l OUT <10mA 


12 25 

ppm/mA 


(Note 3) 

• 

40 

ppm/mA 

Load Regulation (Shunt Mode) 

1.2mA<l SH uNT^10mA 


50 100 

ppm/mA 


(Notes 3, 4) 


150 

ppm/mA 

Supply Current (Series Mode) 



0.75 1.2 

mA 



• 

1.5 

mA 

Minimum Current (Shunt Mode) 

V| N is Open 


0.7 1.0 

mA 




1.2 

mA 

Output Voltage Noise (Note 5) 

0.1Hz<f <10Hz 


4 

4 V p-p 


10Hz<f<1kHz 


2.5 4 

nVrms 

Long Term Stability of 

At = 1000 Hrs 


7 

ppm 

Output Voltage (Note 6) 

Non-Cumulative 




Temperature Hysteresis of Output 

AT = ±25°C 


3 

ppm 


ELECTRICAL CHARACTERISTICS LT 1 021-1 0 

Vin = 15V, Iqut=0, Ta = 25°C, Mil or Comm version, unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1021-10 

MIN TYP MAX 

UNITS 

Output Voltage (Note 1) 

LT1021C-10 


9.995 10.00 10.005 

V 


LT1021A-10, B-10, D-10 


9.95 10.00 10.05 

V 

Output Voltage Temperature 

T M(N <Tj<T MA x 




Coefficient (Note 2) 

LT1021A-10 


1 2 

ppm/°C 


LT 1 021 B-10 


2 5 

ppm/°C 


LT1021C-10, D-10 


5 20 

ppm/°C 

Line Regulation (Note 3) 

11.5 V <V,m< 14.5V 


1 4 

ppm/V 



• 

6 

ppm/V 


14.5V<V| N <40V 


0.5 2 

ppm/V 



• 

4 

ppm/V 

Load Regulation (Sourcing Current) 

0<l OUT <10mA 


12 25 

ppm/mA 


(Note 3) 

• 

40 

ppm/mA 

Load Regulation (Shunt Mode) 

1. 7mA <I SHUNT < 10mA 


50 100 

ppm/mA 


(Notes 3, 4) 

• 

150 

ppm/mA 

Series Mode Supply Current 



1.2 1.7 

mA 



• 

2.0 

mA 

Shunt Mode Minimum Current 

V )N is Open 


1.1 1.5 

mA 




1.7 

mA 

Output Voltage Noise (Note 5) 

0.1Hz<f<10Hz 


6 

p-p 


0.1Hz<f <1kHz 


3.5 6 

nVrms 

Long Term Stability of 

At = 1000 Hrs 


15 

ppm 

Output Voltage (Note 6) 

Non-Cumulative 




Temperature Hysteresis of Output 

AT = ±25°C 

1 


5 

ppm 


urns, 
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The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 

Note 2: Temperature coefficient is measured by dividing the change in 
output voltage over the temperature range by the change in temperature. 
Separate tests are done for hot and cold; J m to 25 °C, and 25°C to 
T max . Incremental slope is also measured at 25 °C. For the “A” version 
only, a box method is used from 0°C to 70°C with a height of 
2ppm/°Cx70°C = 140ppm. Military “A” grades receive an additional 
-55°C to + 125°C test to ±5ppm/°C. 

Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account 
separately. Package thermal resistance is 150°C/W for TO-5 (H), and 
130°C/W for N. 


Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 

Note 5: RMS noise is measured with a single high pass filter at 10Hz 
and a 2-pole low pass filter at 1kHz. The resulting output is full wave 
rectified and then integrated for a fixed period, making the final reading 
an average as opposed to RMS. A correction factor of 1 .1 is used to con- 
vert from average to RMS, and a second correction of 0.88 is used to 
correct for the non-ideal bandpass of the filters. 

Peak-to-peak noise is measured with a single high pass filter at 0.1Hz 
and a 2-pole low pass filter at 10Hz. The unit is enclosed in a still-air 
environment to eliminate thermocouple effects on the leads. Test time is 
10 seconds. 

Note 6: Consult factory for units with long term stability data. 


TYPICAL P€BFORmnnC€ CHRRRCTCRISTICS 
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INPUT VOLTAGE (V) 


Ripple Rejection 



10 100 Ik 10k 

FREQUENCY (Hz) 


Minimum Input-Output 
Differential LT1021-7 and 
LT1021-10 
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OUTPUT CURRENT (mA) 
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Output Voltage Noise 



10 100 Ik 10k 

BANDWIDTH (Hz) 


Output Voltage Temperature 
Drift LT1021-5 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Load Regulation LT1021-5 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

SOURCING SINKING 

OUTPUT CURRENT (mA) 


Quiescent Current 
LT1021-5 


Sink Mode* Current Limit 
LT1021-5 


Thermal Regulation 
LT1021-5 



0 5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 



0 2 4 6 8 10 12 14 16 18 

OUTPUT VOLTAGE (V) 

‘NOTE THAT AN INPUT VOLTAGE IS REQUIRED 


FOR 5V UNITS. 


V| N =25V 
APOWER = 

200mV 
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Tvpicdi pcrforrirrcc chrrrctcristics 


Output Voltage Temperature 
Drift LT1021-7 



TEMPERATURE (°C) 


Shunt Characteristics 
LT1021-7 



OUTPUT TO GROUND VOLTAGE (V) 


Load Transient Response 

LT1021-7, C LO ad=0 



0123401234 


TIME (#*s) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


Load Regulation 
LT1021-7, 10 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

SOURCING SINKING 

OUTPUT CURRENT (mA) 


Shunt Mode Current Limit 
LT1021-7 



OUTPUT VOLTAGE (V) 


Load Transient Response 
LT1021-7, C LO AD = 1000pF 



0 5 10 15 20 0 5 10 15 20 


5/kS/DIV 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


Quiescent Current 
LT1021-7 



INPUT VOLTAGE (V) 


Thermal Regulation 
LT1021-7 



TIME (ms) 

‘INDEPENDENT OF TEMPERATURE COEFFICIENT 


Output Noise 0.1Hz to 10Hz 
LT1021-7 



0 1 2 3 4 5 6 

TIME (MINUTES) 
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TYPICAL P€RFOAmnnC€ CHARACTCRISTICS 


Output Voltage Temperature 
Drift LT1021-10 



TEMPERATURE (°C) 


Load Regulation 
LT1021-7, 10 



-10 -8 -6 -4 -2 0 2 4 6 8 10 

SOURCING SINKING 

OUTPUT CURRENT (mA) 


Input Supply Current 
LT1021-10 



INPUT VOLTAGE (V) 


Shunt Characteristics 
LT1 021-10 



OUTPUT TO GROUND VOLTAGE (V) 


Shunt Mode Current Limit Thermal Regulation 

LT1021-10 LT1021-10 



OUTPUT VOLTAGE (V) TIME (ms) 


‘INDEPENDENT OF TEMPERATURE COEFFICIENT 



Load Transient Response 
LT1021-10, C LO ad = 0 



0 1 2 3 4 0 1 2 3 4 


TIME (a) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


Load Transient 
Response LT1021-10, 

Cload^OOOpF 



0246802468 


TIME (is) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


Output Noise 0.1Hz to 10Hz 
LT1021-10 
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Effect of Reference Drift on System Accuracy 

A large portion of the temperature drift error budget in 
many systems is the system reference voltage. This 
graph indicates the maximum temperature coefficient 
allowable if the reference is to contribute no more than 
MSB error to the overall system performance. The ex- 
ample shown is a 1 2-bit system designed to operate over 
a temperature range from 25°C to 65°C. Assuming the 
system calibration is performed at 25°C, the temperature 
span is 40°C. It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppm/ °C if it is to contribute less than 'MSB error. 
For this reason, the LT1021 family has been optimized for 
low drift. 

Maximum Allowable Reference 



10 20 30 40 50 60 70 80 90 100 
TEMPERATURE SPAN (°C) 


Trimming Output Voltage 
LT1 021-10 

The LT1021-10 has a trim pin for adjusting output volt- 
age. The impedance of the trim pin is about 12kO with a 
nominal open circuit voltage of 5V. It is designed to be 
driven from a source impedance of 3kfi or less to mini- 
mize changes in the LT1021 TC with output trimming. 
Attenuation between the trim pin and the output is 70:1 . 
This allows ±70mV trim range when the trim pin is tied 
to the wiper of a potentiometer connected between the 
output and ground. A lOkfi potentiometer is recom- 
mended, preferably a 20 turn cermet type with stable 
characteristics over time and temperature. 


The LT1021-10 “C” version is pre-trimmed to ±5mV 
and therefore can utilize a restricted trim range. A 75kfi 
resistor in series with a 20kQ potentiometer will give 
±10mV trim range. Effect on output TC will be only 
1ppm/°C for the ±5mV trim needed to set the “C” 
device to 10.000V. 

LT1021-5 

The LT1021-5 does have an output voltage trim pin, but 
the TC of the nominal 4V open circuit voltage at this pin is 
about - 1 ,7mV/°C. For the voltage trimming not to af- 
fect reference output TC, the external trim voltage must 
track the voltage on the trim pin. Input impedance of the 
trim pin is about lOOkQ and attenuation to the output is 
13:1 . The technique shown below is suggested for trim- 
ming the output of the LT1021-5 while maintaining mini- 
mum shift in output temperature coefficient. The R1 /R2 
ratio is chosen to minimize interaction of trimming and TC 
shifts, so the exact values shown should be used. 


111021*5 



GND TRIM 

<R1 

V 0UT 



j 

:r2 


— w\ — 

1N4148 

> 50k 


LT1021-7 

The 7V version of the LT1021 has no trim pin because the 
internal architecture does not have a point which could be 
driven conveniently from the output. Trimming must 
therefore be done externally, as is the case with ordinary 
reference diodes. Unlike these diodes, however, the out- 
put of the LT1021 can be loaded with a trim potentiom- 
eter. The following trim techniques are suggested; one 
for voltage output, and one for current output. The volt- 
age output is trimmed for 6.95V. Current output is 1mA, 
as shown, into a summing junction, but all resistors may 
be scaled for currents up to 10mA. 
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LT1021 


Rppucmions mfORmnnon 


Both of these circuits use the trimmers in a true poten- 
tiometric mode to reduce the effects of trimmer TC. The 
voltage output has a 2000 impedance, so loading must 
be minimized. In the current output circuit, R1 deter- 
mines output current. It should have a TC commensurate 
with the LT1021 or track closely with the feedback 
resistor around the op amp. 



01021-7 
IN OUT' 

am' 



l 


internal current drain on the output, actual worst-case oc- 
curs at Iload = 0 on LT1 021 -5, Iload = - 0.8mA (sinking) 
on LT1 021 -7, and Iload = 1 -4mA (sinking) on LT 1 021 -10. 
Significantly better load transient response is obtained by 
moving slightly away from these points. See Load Transient 
Response curves for details. In general, best transient 
response is obtained when the output is sourcing current. In 
critical applications, a 10/xF solid tantalum capacitor with 
several ohms in series provides optimum output bypass. 


Kelvin Connections 

Although the LT1021 does not have true force/sense 
capability at its outputs, significant improvements in 
ground loop and line loss problems can be achieved 
with proper hook-up. In series mode operation, the 
ground pin of the LT1021 carries only =1mAand can 
be used as a sense line, greatly reducing ground loop 
and loss problems on the low side of the reference. The 
high side supplies load current so line resistance must 
be kept low. Twelve feet of # 22 gauge hook up wire or 
1 foot of 0.025 inch printed circuit trace will create 2mV 
loss at 1 0mA output current. This is equivalent to 1 LSB 
in a 10V, 12-bit system. 

The circuits below show proper hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor if load currents are 5mA or higher. R2 can be 
added to further reduce current in the output sense lead. 


•RESISTOR TC DETERMINES l 0 UT TC 
“TC £ 10 X R1 TC. R2 ANO R3 SCALE 
WITH R1 FOR DIFFERENT OUTPUT CURRENTS. 


Capacitive Loading and Transient Response 

The LT1021 is stable with all capacitive loads, but for opti- 
mum settling with load transients, output capacitance 
should be under lOOOpF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran- 
sient response worst-case at light load currents. Because of 


Standard Series Mode 



XTUKSg 
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Appucmions mFORmnnon 


Series Mode with Boost Transistor 



‘OPTIONAL— REDUCES CURRENT IN OUTPUT SENSE LEAD 
R2=2.4k (LT1021-5), 3k (LT1021-7), 5.6k (LT1021-10) 


shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi- 
ent in both cases was a lab environment with no exces- 
sive air turbulence from air conditioners, opening/ 
closing doors, etc. Removing the foam cup increases the 
output noise by almost an order of magnitude in the 
0.01Hz to 1Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line packages are not nearly as 
sensitive to thermally generated noise because they are 
intrinsically matched. 


There is nothing magical about foam cups— any enclo- 
sure which blocks air flow from the reference will do. 
Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating components external to the reference 
itself should not be included inside the enclosure. 


Effects of Air Movement on Low Frequency Noise 

The LT1021 has very low noise because of the buried 
zener used in its design. In the 0.1Hz to 10Hz band, 
peak-to-peak noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
shield the reference from ambient air turbulence. Air 
movement can create noise because of thermoelectric dif- 
ferences between 1C package leads (especially kovar 
lead TO-5) and printed circuit board materials and/or 
sockets. Power dissipation in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem- 
perature gradients in the package leads. Variations in 
thermal resistance, caused by uneven airflow, create dif- 
ferential lead temperatures, thereby causing thermoelec- 
tric voltage noise at the output of the reference. The XY 
plotter trace shown below dramatically illustrates this ef- 
fect. The first half of the plot was done with the LT1021 


Noise Induced by Air 
Turbulence (TO-5 Package) 


LT102 
f = 0.0 
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LT1021 


ftPPUCOTIOn CIRCUITS 


LT1021-10 Full Trim Range (±0.7%) 


Negative Series Reference 



*CAN BE RAISED TO 
20kS2 FOR LESS 
CRITICAL APPLICATIONS 


+ 15V 




Boosted Output Current With No Current Limit Boosted Output Current With Current Limit 
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LT1021 


flPPUCOTIOn CIRCUITS 


Ultra Precise Current Source 


Handling Higher Load Currents 



*LOW TC COMPLIANCE = -13V TO +7V 



Vqut iov 


TYPICAL LOAD 
CURRENT =30mA 


‘SELECT R1 TO DELIVER TYPICAL LOAD CURRENT. 

LT1021 WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN PROPER OUTPUT. DO NOT REMOVE LOAD 
AS OUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE 
REGULATION IS DEGRADED IN THIS APPLICATION. 


Strain Gauge Conditioner for 350Q Bridge 


R1 

357R 

1/2W 



‘THIS RESISTOR PROVIDES POSITIVE FEEDBACK TO 
THE BRIDGE TO ELIMINATE LOADING EFFECT OF 
THE AMPLIFIER. EFFECTIVE Z tN OF AMPLIFIER 
STAGE IS si MO. IF R2-R5 ARE CHANGED, 

SET R6 = R3. 


'‘BRIDGE IS ULTRA LINEAR WHEN ALL LEGS ARE 
ACTIVE, TWO IN COMPRESSION AND TWO IN TENSION, 

OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
AND ONE TENSIONED LEG. 
tOFFSET AND DRIFT OF LM301A ARE VIRTUALLY 
ELIMINATED BY DIFFERENTIAL CONNECTION OF LT1012C. 
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LT1021 


APPUCOTIOfl CIRCUITS 


2-Pole Low Pass Filtered Reference 


Negative Shunt Reference Driven 
by Current Source 




CMOS DAC with Low-Drift Full Scale Trimming** 
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LT1021 


APPIICRTIOR CIRCUITS 


Operating 5V Reference from 5V Supply 



+ 5V LOGIC SUPPLY 

+ 5V 

REFERENCE 


*FOR HIGHER FREQUENCIES Cl AND C2 MAY BE DECREASED. 

** PARALLEL GATES FOR HIGHER REFERENCE CURRENT LOADING. 



Precision DAC Reference with System TC Trim 


+ 15V 



TRIMMING. 
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LT1021 


eouivflLcm scHcmnnc 



PflCKflGC DCSCRiPTIOn 


H Package 
Metal Can 



NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 


Tjmax 

*ia 

e\c 

150°C 

150°C/W 

45°C/W 


N8 Package 
8 Lead Plastic 




NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
* LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

% 

100°C 

130°C/W 
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TECHNOLOGY 


LT1021DCS8 


F€ATUA€S 

■ Low Drift — 20ppm/°C Max Slope* 

■ Trimmed Output Voltage* 

■ Operates in Series or Shunt Mode 

■ Output Sinks and Sources in Series Mode 

■ Very Low Noise < Ippm p-p (0.1 Hz to 10Hz) 

■ > lOOdB Ripple Rejection 

■ Minimum Input-Output Differential of IV 

■ 100% Noise Tested 


APPUCATIOnS 

■ A to D and D to A Converters 

■ Precision Regulators 

■ Digital Voltmeters 

■ Inertial Navigation Systems 

■ Precision Scales 

■ Portable Reference Standard 


‘Units specified at 10ppm/°C maximum drift and 0.1 % output voltage toler- 
ance are available on request. 


Precision Reference 


DCSCAIPTIOn 

The LT1021 is a precision reference with ultra low drift and 
noise, extremely good long term stability, and almost total 
immunity to input voltage variations. The reference output 
will both source and sink up to 10mA. Three voltages are 
available; 5V, 7V and 10V. The 7V and 10V units can be 
used as shunt regulators (two terminal zeners) with the 
same precision characteristics as the three terminal con- 
nection. Special care has been taken to minimize thermal 
regulation effects and temperature induced hysteresis. 

The LT1021 references are based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 

Unique circuit design makes the LT1021 the first 1C refer- 
ence to offer ultra low drift without the use of high power 
on-chip heaters. 

The LT1021-7 uses no resistive divider to set output volt- 
age, and therefore exhibits the best long term stability and 
temperature hysteresis. The LT1021-5 and LT1021-10 are 
intended for systems requiring a precise 5V or 10V refer- 
ence, with an initial tolerance as low as 0.05%.* 


Basic Positive and 
Negative Connections 



(V-) 


Output Noise 0.1 Hz 
to 10Hz — LT1021-10 


FILTER 

NG = 1 ZERO AT 
2 POLES A 

0.1Hz 

10Hz 




n\l (Ipp 
1 






m) 






















j 













0 1 2 3 4 5 6 

TIME (MINUTES) 


L 7W& 
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LT1021DCS8 


ABSOLUTS fflflXIfflUffl RATI AGS 


Input Voltage 40V 

Input-Output Voltage Differential 35V 

Output to Ground Voltage (Shunt Mode Current Limit) 

LT1021-5 10V 

LT1021-7 10V 

LT1021-10 16V 

Trim Pin to Ground Voltage 

Positive Equal to Vout 

Negative -20 V 

Output Short Circuit Duration 

V|n = 35V 10 sec 

V|n< 20V Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 1 0 sec.) 300°C 


PACKAGC/ORDCR IRFORfflATIOR 




TOP VIEW 


ORDER PART 

nc*|T 

" 


^NC* 

NUMBER 

Vin [I 
nc*[T 
gnd[7 



7]nc* 

H Vout 
TJtrim** 

LT 1 021 DCS8-5 
LT1021 DCS8-7 

LT1 02 1 DCS8-1 0 



S8 PACKAGE 
PLASTIC SO 






PART MARKING 

‘CONNECTED INTERNALLY. DO 

NOT CONNECT EXTERNAL CIRCUITRY 

TO THESE PINS. 

“NO TRIM PIN ON LT1021-7. DO NOT 

CONNECT EXTERNAL CIRCUITRY TO 

PIN 5 ON LT 1 021-7. 

2105 (5V VERSION) 
2107 (7V VERSION) 

21 10 (10V VERSION) 


€l€CTRICAl CHARACTERISTICS IT1 021-5 Vin = 10V, Iqut = 0, Ta = 25°C, unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1021D-5 

MIN TYP MAX 

UNITS 

Output Voltage (Note 1) 



4.95 5.00 5.05 

V 

Output Voltage Temperature 

Coefficient (Note 2) 

0°C<Tj<70°C 


5 20 

ppm/°C 

Line Regulation (Note 3) 

7.2V<V, n <10V 

10V<V| N <40V 

• 

• 

4 12 

20 

2 6 

10 

ppm /V 
ppm/V 
ppm /V 
ppm/V 

Load Regulation (Sourcing Current) 

0<Iout— 10mA 
(Note 3) 

• 

10 20 

35 

ppm/mA 

ppm/mA 

Load Regulation (Sinking Current) 

0<l OUT <10mA 
(Note 3) 

• 

60 100 

150 

ppm/mA 

ppm/mA 

Supply Current 


• 

0.8 1.2 

1.5 

mA 

mA 

Output Voltage Noise (Note 5) 

0.1Hz<f<10Hz 

10Hz<f<1kHz 


3 

2.2 3.5 

/iVp-p 

/iVrms 

Long Term Stability of 

Output Voltage 



15 

ppm/Vkhrs 

Temperature Hysteresis of Output 

AT = ± 25°C 


10 

ppm 


€l€CTRICAl CHRRRCTCRISTICS IT1 021-7 Vin = 12V, Iqut = 0, T* = 25°C, unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1021 D-7 

UNITS 

MIN TYP MAX 

Output Voltage (Note 1) 


6.95 7.00 7.05 

V 

Output Voltage Temperature 

Coefficient (Note 2) 

T MIN^Tj<T MAX 

5 20 

ppm/°C 
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LT1021DCS8 


CLCCTRICAL CHRRRCT€RISTICS LT1021-7 Vin = 12V, Iqut = 0, Ta = 25°C, unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1021D-7 

UNITS 

MIN TYP 

MAX 

Line Regulation (Note 3) 

8.5V<V, n <12V 


1 

4 

ppm/V 



• 

2 

8 

ppm /V 


12V<V, n <40V 


0.5 

2 

ppm/V 



• 

1 

4 

ppm/V 

Load Regulation (Sourcing Current) 

0<Iout— 10mA 


12 

25 

ppm/mA 


(Note 3) 

• 


40 

ppm/mA 

Load Regulation (Shunt Mode) 

1. 2mA <I SHUNT < 10mA 


50 

100 

ppm/mA 


(Notes 3, 4) 

• 


150 

ppm/mA 

Supply Current (Series Mode) 



0.75 

1.2 

mA 



• 


1.5 

mA 

Minimum Current (Shunt Mode) 

V !N is Open 


0.7 

1.0 

mA 



• 


1.2 

mA 

Output Voltage Noise (Note 5) 

0.1Hz<f<10Hz 


4 


/|V P-P 


10Hz<f<1kHz 


2.5 

* . 

/iVrms 

Long Term Stability of 



7 


ppm/Vkhrs 

Output Voltage 






Temperature Hysteresis of Output 

AT = ± 25°C 


3 

ppm 


ELECTRICAL CHARACTERISTICS LT1021-10 Vin = 15V, Iqut = 0 Ja = 25°C, unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1021D-10 

UNITS 

MIN TYP 

MAX 

Output Voltage (Note 1) 



9.95 10.00 

10.05 

V 

Output Voltage Temperature 



5 

20 

ppm/°C 

Coefficient (Note 2) 






Line Regulation (Note 3) 

11.5V<V, n <14V.5 


1 

4 

ppm/V 



• 


6 

ppm/V 


1 4.5V <V, N < 40V 


0.5 

2 

ppm/V 



• 


4 

ppm/V 

Load Regulation (Sourcing Current) 

0 < Iqut < 10mA 


12 

25 

ppm/mA 


(Note 3) 

• 


40 

ppm/mA 

Load Regulation (Shunt Mode) 

IJmAsIsHUNT^OmA 


50 

100 

ppm/mA 


(Notes 3, 4) 

• 


150 

ppm/mA 

Series Mode Supply Current 



1.2 

1.7 

mA 



• 


2.0 

mA 

Shunt Mode Minimum Current 

V )N is Open 


1.1 

1.5 

mA 



• 


1.7 

mA 

Output Voltage Noise (Note 5) 

0.1Hz<f<10Hz 


6 


/iVp-p 


0.1Hz<f<1kHz 


3.5 

6 

pVrms 

Long Term Stability of 

At = 1000 Hrs 


15 


ppm/Vkhrs 

Output Voltage 

Non-Cumulative 





Temperature Hysteresis of Output 

AT = ± 25°C 


5 

ppm 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 

Note 2: Temperature coefficient is guaranteed as a slope from room tem- 
perature (25°C) to 0°C and 70°C, also known as a “butterfly” specification. 
Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account sepa- 
rately. Package thermal resistance is 110°C/W. 


Note 4: Shunt mode regulation is measured with the input open. With the 
input connected, shunt mode current can be reduced to 0mA. Load regula- 
tion will remain the same. 

Note 5: RMS noise is measured with a single high pass filter at 10Hz and a 
2-pole low pass filter at 1 kHz. The resulting output is full wave rectified and 
then integrated for a fixed period, making the final reading an average as 
opposed to RMS. A correction factor of 1.1 is used to convert from average 
to RMS, and a second correction of 0.88 is used to correct for the non-ideal 
bandpass of the filters. 

Peak-to-peak noise is measured with a single high pass filter at 0.1 Hz and a 
2-pole low pass filter at 10Hz. The unit is enclosed in a still-air environment 
to eliminate thermocouple effects on the leads. Test time is 10 seconds. 
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TECHNOLOGY 


LT1Q29/LT1029A 
5V Bandgap Reference 


F€ATUR€S 


DCSCRIPTIOR 


■ 0.2% Output Tolerance 

■ 0.50 Shunt Impedance 

■ 600/tA to 10mA Operating Current 

■ Pin Compatible with LM 136-5 

■ 20ppm/°C Max. Drift 

■ Output Voltage Trim does not Affect Drift 

■ Can be Used as Positive or Negative Reference 


RPPUCATIOnS 

■ A-to-D and D-to-A Converters 

■ Precision Regulators 

■ Precision Current Sources 

■ V to F and F to V Converters 


The LT1029 is a 5 V bandgap reference intended for use 
in the shunt or “zener” mode, allowing it to be used as 
either a positive or negative reference. The output is 
pretrimmed to ±0.2% accuracy with 20ppm/°C max- 
imum temperature drift. A trim pin allows additional out- 
put adjustment for even more precise output voltage. 

Operating current range for the LT1029 is 600/*A to 10mA. 

Extremely low dynamic impedance allows excellent output 
regulation even with fluctuating operating current. 

The LT1029 will replace an LM 136-5 or LM336-5 and 
simplify circuits using the “minimum temperature coeffi- 
cient” trim network. The LT1029 does not require this 
special network to meet its temperature drift specification 
and these application network components are simply EaH 
removed. If output trimming is required for initial ac- 
curacy, the diodes in the trim network should be replaced 
with jumpers. 



XTIHSR 
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LT1029/LT1029A 


absolute mnximum ratiags package/order iafoaaiatioa 


Reverse Current 15mA 

Forward Current 10mA 

Operating Temperature Range 

LT1029M/LT1 029AM -55°Cto +125°C 

LT1029C/LT1029AC 0°Cto+70°C 

Storage Temperature -65°Cto +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

1 R = 1 mA LT1 029AM , LT 10 29 AC 


4.99 

5.00 

5.01 

V 


LT1029M, LT1029C 


4.95 

5.00 

5.05 

V 

Reverse Breakdown Change with Current 

600M^lR^10mA 



2 

5 

mV 



• 


3 

8 

mV 

Reverse Dynamic Impedance 

l R = 1mA 



0.2 

0.6 

ft 



• 


0.3 

1.0 

ft 

Temperature Stability 

l R =1mA LT1029AC 

• 


3 

7 

mV 


LT1029C 

• 


5 

12 

mV 


LT1 029AM 

• 


7 

18 

mV 


LT1029M 



10 

36 

mV 

Equivalent Temperature Drift 

LT1 029AM, LT1029AC 

• 


8 

20 

ppm/°C 


LT1029C 

• 


12 

34 

ppm/°C 


LT1029M 

• 


15 

40 

ppm/°C 

Long Term Stability 



20 

ppm/kHr 

Trim Range 



±3 

+ 5, -13 


% 


The # denotes the specifications which apply over the full operating 
temperature range. 
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LT1029/LT1029A 


TVPICRL PCRFOAfflflnCC CHARRCTCRISTICS 



012345678 
OUTPUT TO GROUND VOLTAGE (V) 


application mFORmnnon 

Output Trimming 

Output voltage trimming on the LT1029 is nominally ac- 
complished with a potentiometer connected from output to 
ground with the wiper tied to the trim pin. The LT1029 was 
made compatible with existing references, so the trim range 
islarge; +5%, -13%. This large trim range makes preci- 
sion trimming rather difficult. One solution is to insert 
resistors in series with both ends of the potentiometer. This 
has the disadvantage of potentially poor tracking between 
the fixed resistors and the potentiometer. A second method 
of reducing trim range is to insert a resistor in series with-the 
wiper of the potentiometer. This works well only for a very 


small trim range because of the mismatch in TCs between 
the series resistor and the internal thin film resistors. These 
film resistors can have a TC as high as 500ppm/°C. That 
same TC is then transferred to the change in output voltage; 
a 1% shift in output voltage causes a (500ppm) (1%)= 
5ppm / 0 C change in output voltage drift. The worst-case er- 
ror in initial output voltage for the LT1029A is 0.2% and for 
the LT1029 is 1 %, so a series resistor is satisfactory if the 
output is simply trimmed to nominal value. 1ppm/°C TC 
shift would be the maximum expected for the LT1029A and 
5ppm/°Cfor the LT1029. 


Wide Trim Range (+5%, -13%) 


Narrow Trim Range 


v+ 



I S: 800/xA 


25k 


Vref 



TRIM RANGE 

0.4% - LT1029A, R1 = 750k 
1.2% -LT1029, R1 = 250k 


rruum 
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LT1029/LT1029A 


RPPUcHTions inroRinHTion 

Shunt Capacitance 

The LT1029 is stable withall values of shunt capacitance, transient in operating current. A 1/*F solid tantalum 
but values between 300pF and 0.0 VF are not recom- capacitor is suggested for most situations where bypass- 
mended because they cause longer settling following a ing is desirable. 

Trimming Output to 5.120V Split ± 2.5V References 



PflCKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

H Package Z Package 

TO-46 Metal Can TO-92 Plastic 
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LT1031/LH0070 
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TECHNOLOGY 


Precision 10 Volt Reference 


F€ATUft€S 

■ Pin Compatible with LH0070 and AD581 * 

■ Ultra Low Drift— 5ppm/°C Max Slope 

■ Trimmed Output Voltage 

■ Operates in Series or Shunt Mode 

■ Output Sinks and Sources in Series Mode 

■ Very Low Noise <1 ppm p-p 0.1Hz to 10Hz 

■ >100dB Ripple Rejection 

■ Minimum Input Voltage of 11V 


nppucATions 

■ A to D and D to A Converters 

■ Precision Regulators 

■ Digital Voltmeters 

■ Inertial Navigation Systems 

■ Precision Scales 

■ Portable Reference Standard 


*See LH0070 Electrical Characteristics table and AD581 cross reference 
guide. 


DCSCMPTIOn 

The LT1031 is a precision 10V reference with ultra low 
drift and noise, extremely good long term stability, and 
almost total immunity to input voltage variations. The 
reference output will both source and sink up to 10mA 
and can be used as a shunt regulator (two terminal zener) 
with the same precision characteristics as the three ter- 
minal connection. Special care has been taken to mini- 
mize thermal regulation effects and temperature induced 
hysteresis. 

The LT1031 reference is based on a buried zener diode 
structure which eliminates noise and stability problems 
associated with surface breakdown devices. Further, a 
subsurface zener exhibits better temperature drift and 
time stability than even the best band-gap references. 

Unique circuit design makes the LT1031 the first three 
terminal 1C reference to offer ultra low drift without the 
use of high power on-chip heaters. Output voltage is pre- 
trimmed to 0.05% accuracy. 

The LT1 031 can be used as a plug-in replacement for the 
AD581 and LH0070*, with improved electrical and ther- 
mal performance. 


Basic Positive and 
Negative Connections 



IT1031 


III 031 

V|N - 

Itf OUT 

Vqut 

OUT 


8ND 


m 


VlN-VoUT 
' 1 LOAD-*- 1 -5rnA 


— V 0UT 


-V|N 


Distribution of Output Accuracy 



OUTPUT ACCURACY (%) 


XTUD85B 
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LT1031/LH0070 


absolute maximum ratiags 


Input Voltage 40V 

Input-Output Voltage Differential 35 V 

Output to Ground Voltage 

(Shunt Mode Current Limit) 16V 

Trim Pin to Ground Voltage 

Positive Equal to Vout 

Negative -20V 

Output Short Circuit Duration 

Vin= 35V 10 sec 

Vin< 20V Indefinite 

Operating Temperature Range 

LT1031 (Mil) — 55°Cto125°C 

LT1031 (Comm) 0°Cto70°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, lOsec.) 300°C 


PACKAG6/ORDCR lAFORAIATIOn 



ORDER PART 


NUMBER 

BOTTOM VIEW 


y. INPUT 

LH0070-0H 


LH0070-1H 

( 1 \ 

LH0070-2H 

1 20] OUTPUT 


V 3 ) 

LT1031BMH 


LT1031CMH 

GROUND 

LT1031DMH 

H PACKAGE 

LT1031BCH 

TO-5 METAL CAN 

LT1031CCH 


LT1031DCH 


€L€CTRICAL CHARACTERISTICS LT1031 


V|n = 15V, Iout=0. Ta= 25°C, Mil or Comm version, unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1031 

MIN TYP MAX 

UNITS 

Vr 

Output Voltage (Note 1) 

LT1031B 


9.995 10.000 10.005 

V 



LT1031C 


9.990 10,000 10.010 

V 



LT1031D 


9.980 10.000 10.020 

V 

AVr 

Output Voltage Temperature 

T M in<Tj<T MA x 




AT 

Coefficient (Note 2) 

LT1031B 

• 

3 5 

ppm/°C 



LT1031C 

• 

6 15 

ppm/°C 



LT1031D 

• 

10 25 

ppm/°C 

AV„ 

Line Regulation (Note 3) 

11.5V<V, N <14.5V 


1 4 

ppm /V 

av in 



• 

6 

ppm/V 



14.5V<V, n <40V 


0.5 2 

ppm/V 




• 

4 

ppm/V 

AVr 

Load Regulation (Sourcing Current) 

0 < 1 out — 10mA 


12 25 

ppm/mA 

ai 0 


(Note 3) 

• 

40 

ppm/mA 

AVr 

Load Regulation (Shunt Mode) 

1 .7mA <Ishunt — 10mA 


50 100 

ppm/mA 

Al 0 


(Notes 3, 4) 

• 

150 

ppm/mA 

Iq 

Series Mode Supply Current 



1.2 1.7 

mA 




• 

2.0 

mA 

•min 

Shunt Mode Minimum Current 

V| N is Open 


1.1 1.5 

mA 




• 

1.7 

mA 


Output Short Circuit Current 

11V <V, n <35V 


30 

mA 


Minimum Input Voltage (Note 6) 

•out ^ 1mA 


o 

CO 

o 

v 

e n 

Output Voltage Noise 

0.1 Hz <f < 10Hz 


6 

MVp-p 



0.1Hz<f <10kHz 


11 

/*Vrms 

AVr 

Long Term Stability of 

At = 1000 Hrs 


15 

ppm 

ATime 

Output Voltage 

Non-Cumulative 





Temperature Hysteresis of Output 

AT = 50°C 


5 

ppm 
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LT1031/LH0070 


ELECTRICAL CHARACTERISTICS LH0070 


V|n = 15V, Rl = 10kO, -55 °C<Ta< + 125°C unless otherwise noted 


SYMBOL 

PARAMETER 

1 CONDITIONS 

MIN TYP MAX 

UNITS 

Vr 

Output Voltage 

T a = 25°C 


10.000 

V 

AV r 

Output. Accuracy 

T a = 25°C 





-0, -1 



±0.03 ±0.1 

% 


-2 



±0.02 ±0.05 

% 

av r 

Output Accuracy 

T a = -55°C, 125°C 





-0, -1 


• 

±0.3 

% 


-2 



±0.2 

% 

AVr 

Output Voltage Change 

Note 5 




AT 

with Temperature 






-0 


• 

±0.2 

% 


-1 


• 

±0.02 ±0.1 

% 


-2 


• 

±0.01 ±0.04 

% 

AV r 

Line Regulation 

13V<V in <33V, T a = 25°C 




av !N 

-0, -1 



0.006 0.1 

% 


-2 



0.006 0.03 

% 


Input Voltage Range 


• 

11.4 40 

V 

av r 

Load Regulation 

OmA<l 0 uT^ 5mA 

• 

0.01 0.03 

% 

ai 0 






*Q 

Quiescent Current 

13V <V,n <33V 

• 

1.2 5 

mA 

AIq 

Change in Quiescent Current 

AV, n = 20V from 13V to 33V 

• 

0.1 1.5 

mA 

AV in 







Output Noise Voltage 



6 

AtVp-p 


Ripple Rejection 

f = 120Hz 

• 

0.001 

%/Vp-p 

ro 

Output Resistance 


• 

0.2 0.6 

a 

AV Z 

Long Term Stability 

T a = 25°C (Note 7} 




ATime 

-0, -1 



±0.2 

%/Yr 


-2 



±0.05 

%/Yr 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Output voltage is measured immediately after turn-on. Changes 
due to chip warm-up are typically less than 0.005%. 

Note 2: Temperature coefficient is measured by dividing the change in 
output voltage over the temperature range by the change in temperature. 
Separate tests are done for hot and cold; T MtN to 25°C, and 25°C to 
T max . Incremental slope is also measured at 25°C. For LT1031BMH, the 
5ppm/ °C drift specification is for - 25°C to 85°C. Drift over the full 
— 55°C to +125°C range is guaranteed to 7ppm/°C. 


Note 3: Line and load regulation are measured on a pulse basis. Output 
changes due to die temperature change must be taken into account 
separately. Package thermal resistance is 150°C/W. 

Note 4: Shunt mode regulation is measured with the input open. With 
the input connected, shunt mode current can be reduced to OmA. Load 
regulation will remain the same. 

Note 5: Temperature drift is guaranteed from -25°C to + 85°C on 
LH0070. 

Note 6: See curve for guaranteed minimum V tN versus I 0 ut- 
Note 7: Guaranteed by design. 


CROSS R€F€R€RC€ 

The following cross reference guide may be used to select 
LT1031 grades which meet or exceed output voltage, 
temperature drift, load and line regulation, and output 
current specifications of the AD581 reference. 
Parameters such as noise, hysteresis, and long term 
stability will be significantly better for all LT1 031 grades 
compared to the AD581 . 


Cross Reference Guide— LT1 031 to AD581 

AD581J order LT1031DCH 
AD581K order LT1031CCH 
AD581L order LT1031BCH 
AD581S order LT1031DMH 
AD581T order LT1031CMH 
AD581U order LT1031BMH 


/TLintAB 
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RMS NOISE ( M V) OUTPUT VOLTAGE (V) REJECTION (dB) 


LT1031/LH0070 
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OUTPUT CHANGE (mV) l NPUT CURRENT (mA) 


LT1031/LH0070 


TYPICAL PCAFORmnnCC CHARRCTCRISTICS 


Input Supply Current Shunt Characteristics Shunt Mode Current Limit 



0 5 10 15 20 25 30 35 40 0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16 18 

INPUT VOLTAGE (V) OUTPUT TO GROUND VOLTAGE (V) OUTPUT VOLTAGE (V) 


Thermal Regulation 



0 20 40 60 80 100 120 140 

TIME (ms) 

* INDEPENDENT OF TEMPERATURE COEFFICIENT 


Load Transient Response 

Cload = 0 


0123401234 
TIME (fis) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 




Load Transient Response 

Cload=1000pF 



024680246 8 


TIME (f&) 

NOTE VERTICAL SCALE CHANGE 
BETWEEN SOURCING AND SINKING 


Output Noise 0.1Hz to 10Hz 



0 1 2 3 4 5 6 

TIME (MINUTES) 


XTUPSi 
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LT1031/LH0070 


nppucATions mFORmnnon 

Trimming Output Voltage 

The LT1031 output can be trimmed by driving the ground 
pin. The suggested method is shown in the accompany- 
ing figure. A 512 resistor is inserted in series with the 
ground pin and the top of the resistor is supplied current 
from a trim potentiometer. This technique requires fairly 
high trim current— up to 1.5mA from the LT1031 or 
3.5mA from the -15V supply, but it is necessary to 
maintain low drift in the reference. Ground pin current 
changes in the LT1031 (with temperature) could be as 
high as V\/°C. This, coupled with the 50 external 
resistor, creates up to 2ppm/°C drift in the reference 
(5Ox4/*A/°C=20^V/°C = 2ppm/°C). If induced drift 
higher than this can be tolerated, all resistor values in the 
trim circuit can be raised proportionately to reduce cur- 
rent drain. 


Output Voltage Trimming 



*CAN BE INCREASED TO 5.6k FOR 
LT1031B AND LH0070-2 
"INCREASE TO 10BF0R LT1031D 



10 20 30 40 50 60 70 80 90 100 
TEMPERATURE SPAN (”C) 


Capacitive Loading and Transient Response 

The LT1031 is stable with all capacitive loads, but for opti- 
mum settling with load transients, output capacitance 
should be under lOOOpF. The output stage of the reference 
is class AB with a fairly low idling current. This makes tran- 
sient response worst-case at light load currents. Because of 
internal current drain on the output, actual worst-case oc- 
curs at Iload = 1.4mA (sinking). Significantly better load 
transient response is obtained by moving slightly away from 
these points. See Load Transient Response curves for 
details. In general, best transient response is obtained 
when the output is sourcing current. In critical applications, 
a 1 0juF solid tantalum capacitor with several ohms in series 
provides optimum output bypass. 


Effect of Reference Drift on System Accuracy 

A large portion of the temperature drift error budget in 
many systems is the system reference voltage. This 
graph indicates the maximum temperature coefficient 
allowable if the reference is to contribute no more than 
V 2 LSB error to the overall system performance. The ex- 
ample shown is a 12-bit system designed to operate over 
a temperature range from 25°C to 65°C. Assuming the 
system calibration is performed at 25°C, the temperature 
span is 40°C. It can be seen from the graph that the 
temperature coefficient of the reference must be no worse 
than 3ppm/ °C if it is to contribute less than V 2 LSB error. 
For this reason, the LT1031 has been optimized for low 
drift. 


Kelvin Connections 

Although the LT1031 does not have true force/ sense 
capability at its outputs, significant improvements in 
ground loop and line loss problems can be achieved 
with proper hook-up. In series mode operation, the 
ground pin of the LT1031 carries only * 1mA and can 
be used as a sense line, greatly reducing ground loop 
and loss problems on the low side of the reference. The 
high side supplies load current so line resistance must 
be kept low. Twelve feet of # 22 gauge hook up wire or 
1 foot of 0. 025 inch printed circuit trace will create 2mV 
loss at 1 0mA output current. This is equivalent to 1 LSB 
in a 10V, 12- bit system. 
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LT1031/LH0070 


RPPUCRTIOnS IRFORmRTIOn 


The circuits below show proper hook up to minimize 
errors due to ground loops and line losses. Losses in the 
output lead can be greatly reduced by adding a PNP boost 
transistor if load currents are 5mA or higher. R2 can be 
added to further reduce current in the output sense lead. 


Standard Series Mode 


LT1031 

IN OUT 
UNO 


KEEP THIS LINE RESISTANCE LOW 


LOAD 


GROUND 
RETURN " 




Series Mode with Boost Transistor 



'OPTIONAL— REDUCES CURRENT IN OUTPUT SENSE LEAD 


Effects of Air Movement on Low Frequency Noise 

The LT1031 has very low noise because of the buried 
zener used in its design. In the 0.1Hz to 10Hz band, 
peak-to-peak noise is about 0.5ppm of the DC output. To 
achieve this low noise, however, care must be taken to 
shield the reference from ambient air turbulence. Air 


movement can create noise because of thermoelectric dif- 
ferences between 1C package leads (especially kovar 
lead TO-5) and printed circuit board materials and/or 
sockets. Power dissipation in the reference, even though 
it rarely exceeds 20mW, is enough to cause small tem- 
perature gradients in the package leads. Variations in 
thermal resistance, caused by uneven airflow, create dif- 
ferential lead temperatures, thereby causing thermoelec- 
tric voltage noise at the output of the reference. The XY 
plotter trace shown below dramatically illustrates this ef- 
fect. The first half of the plot was done with the LT1031 
shielded from ambient air with a small foam cup. The cup 
was then removed for the second half of the trace. Ambi- 
ent in both cases was a lab environment with no exces- 
sive air turbulence from air conditioners, opening/ 
closing doors, etc. Removing the foam cup increases the 
output noise by almost an order of magnitude in the 
0.01Hz to 1Hz band! The kovar leads of the TO-5 (H) 
package are the primary culprit. Alloy 42 and copper lead 
frames used on dual-in-line packages are not nearly as 
sensitive to thermally generated noise because they are 
intrinsically matched. 

There is nothing magical about foam cups— any enclo- 
sure which blocks air flow from the reference will do. 
Smaller enclosures are better since they do not allow the 
build-up of internally generated air movement. Naturally, 
heat generating components external to the reference 
itself should not be included inside the enclosure. 


Noise Induced by Air 
Turbulence (TO-5 Package) 


(TO-5 PACKAGE) 
f =0.01 Hz to 10Hz 











20/tV 

I 


♦FOAN 

CUP Rl 

MOVED 




u 

£ 

, *JL 





t 


V 
















0 2 4 6 8 10 12 

TIME (MINUTES) 


XTun&i 
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LT1031/LH0070 


APPUCATIOn CIRCUITS 


Negative Series Reference 


+ 15V 



Boosted Output Current With No Current Limit 


Boosted Output Current With Current Limit 
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LT1031/LH0070 


Appucnnon circuits 


Handling Higher Load Currents 



VqutIOV 


TYPICAL LOAD 
CURRENT = 30mA 


‘SELECT R1 TO DELIVER TYPICAL LOAD CURRENT. 

LT1031 WILL THEN SOURCE OR SINK AS NECESSARY 
TO MAINTAIN PROPER OUTPUT. DO NOT REMOVE LOAD 
AS OUTPUT WILL BE DRIVEN UNREGULATED HIGH. LINE 
REGULATION IS DEGRADED IN THIS APPLICATION. 


Strain Gauge Conditioner for 350(2 Bridge 


R1 

3570 

1/2W 



‘THIS RESISTOR PROVIDES POSITIVE FEEDBACK TO 
THE BRIDGE TO ELIMINATE LOADING EFFECT OF 
THE AMPLIFIER. EFFECTIVE Z, N OF AMPLIFIER 
STAGE IS 2=1 MO. IF R2-R5 ARE CHANGED, 

SET R6 = R3. 


“BRIDGE IS ULTRA LINEAR WHEN ALL LEGS ARE 
ACTIVE, TWO IN COMPRESSION AND TWO IN TENSION, 

OR WHEN ONE SIDE IS ACTIVE WITH ONE COMPRESSED 
AND ONE TENSIONED LEG. 
tOFFSET AND DRIFT OF LM301A ARE VIRTUALLY 
ELIMINATED BY DIFFERENTIAL CONNECTION OF LT1012C. 


xriim 
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LT1031/LH0070 


APPUCHTIOR CIRCUITS 


Negative Shunt Reference Driven 
by Current Source 



-11V TO -40V 



Precision DAC Reference with System TC Trim 



TEMPERATURE CURRENT TO MINIMIZE ITERATIVE 
TRIMMING. 


X71IBS 
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LT1034-1.2/LT1034-2.5 
Micropower Dual Reference 


F€ATUft€S 


DCSCRIPTIOn 


■ Guaranteed 20 ppm/°C Drift 

■ 1.2V 1% Initial Tolerance 

■ 20/iA to 20mA Operation 

■ IQ Dynamic Impedance 

■ 7 V, 100/tA Reference 


APPLICATION 

■ Portable Meters 

■ Precision Regulators 

■ Calibrators 


The LT1034 is a micropower, precision 1.2V/2.5V reference 
combined with a 7V auxiliary reference. The 1.2V/2.5V 
reference is a trimmed, thin-film, band-gap voltage refer- 
ence with 1% initial tolerance and guaranteed 20ppm/°C 
temperature drift. Operating on only 20/*A, the LT1034 of- 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
makes the LT1034 easy to use from unregulated supplies. 
The 7V reference is a subsurface zener device for less de- 
manding applications. 

The LT1034 reference can be used as a high performance 
upgrade of the LM385 or LT1004, where guaranteed tem- 
perature drift is desired. 


Tvpicfli nppucATion 



5 



-50 -25 0 25 50 75 100 125 


TEMPERATURE(°C) 


XTIDSfig 
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m034-1.2/LT1034-2.5 


absolute mnximum ratiags 


Operating Current 20mA 

Forward Current (Note 1) 20mA 

Operating Temperature Range 

LT1034BM, M -55°Cto125°C 

LT 1 034BC, C 0°C to 70°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGC/ORDCR lAFORfllATIOR 


( ? 1 . 2 v\ 

f.-S) 

ORDER PART NUMBER 

LT1034BMH-1.2, LT1034MH-1.2 
LT1034BCH-1.2, LT1034CH-1.2 
LT1034BMH-2.5, LT1034MH-2.5 
LT1034BCH-2.5, LT1034CH-2.5 

H PACKAGE 

TO-46 METAL CAN 

BOHOM VIEW 


LT1034BCZ-1.2 

LT1034CZ-1.2 

LT1034BCZ-2.5 

LT1034CZ-2.5 

1 1 -2V \ 

Z PACKAGE 

TO-92 PLASTIC 

BOTTOM VIEW 


Available in SO Package 


CLCCTRICAl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT1034C-1 .2 i 

LT1034C-2.5 j 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

l R = 100/tA 

25°C 

1.210 

1.225 

1.240 

2.46 

2.5 

2.54 

V 



• 

1.205 

1.225 

1.245 

2.43 

2.5 

2.57 

V 

Reverse Breakdown Change 

Note 3 

25°C 


0.5 

2.0 


1 

3 

mV 

with Current 


• 


1.0 

4.0 


1.5 

6 

mV 


2mA <I R < 20mA 

25°C 


4 

8.0 


6 

16 

mV 



• 


6.0 

15.0 


10 

20 

mV 

Minimum Operating Current 


• 


10 

20 


15 

30 

a 

Temperature Coefficient 

l R = 100/i A 

• 


20 

40 


20 

40 

ppm/°C 

Reverse Dynamic Impedance (Note 2) 

I r = 100,iA 

25°C 


0.25 

1.0 


0.5 

1.5 

0 



• 


0.50 

2.0 


1 

2.5 

0 

Low Frequency Noise 

l R = 100/tA, 0.1 Hz < F < 10Hz 

• 

4 

6 

/.Vp-p 

Long Term Stability 

l R = 100/*A,T = 25°C 

25°C 

20 

20 

ppm/Vkhrs 


ELECTRICAL CHARACTCRISTICS 7V Reference 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

1 R = 1 00/4 A 

25°C 

6.8 

7.0 

7.3 

V 



• 

6.75 

7.0 

7.4 

V 

Reverse Breakdown Change 

1 00/aA < 1 R < 1 m A 

25° C 


90 

140 

mV 

with Current 

100/tA<IR<1mA 

• 


100 

190 

mV 


1mA<IR<20mA 

25° C 


160 

250 

mV 


1mA<IR<20mA 

• 


200 

350 

mV 

Temperature Coefficient 

IR = 100//.A 

• 

40 . 

ppm/°C 

Long Term Stability 

IR = 100/iA 

25° C 

20 

ppm 


The • denotes specifications that apply over the operating temperature 
range. 

Note 1: Forward biasing either diode will affect the operation of the other 
diode. 


Note 2: This parameter guaranteed by “reverse breakdown change with 
current’’ test. 

Note 3: For the LT1034C-1.2, 20/iA<l R <2mA. For the LT1034C-2.5, 
30/tA<l R <2mA. 
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DYNAMIC IMPEDANCE(Q) REVERSE VOLTAGE CHANGE(mV) 


LT1034-1.2/LT1034-2.5 


TYPICAL PCRFORmnnCC CHRRRCTCRISTICS 


Reverse Voltage Change 1.2V 


T a = — 55°C TO 125°C 

i 1 1 min i 1 1 mill 


Reverse Voltage Change 7V 


-2 I 1-1 Mi HU I — L1..1.LLL1.I LLLIIUU LI. Ill I, HI -0.1 L_ 

0.01 0.1 1 10 100 0 1 
REVERSE CURRENT(mA) 


1 10 
REVERSE CURRENT(mA) 


O.IHzto 10Hz Noise 1.2V 


6 h-T A = — 55°C TO 125°C- 
5 I — l z = 100/xA 




■ 









1 ll 

m 

HU 

Hi 

;rnr 

LlJ 

nn 

. 1 L 

dm 

i 


1 














10 20 
TIME(SECONDS) 


Reverse Dynamic Impedance 1.2V 


= 

EE 





jj 

::t a = 

mm 

25°C j: 







L_ 


5Hz . T 




zz. 

’((ft 



•in 

dm 


Reverse Dynamic Impedance 7V 


Forward Characteristics 

r™™™ 

T a = 25°C 

— I 1- 


o.i i L..i mini I...-L i nun i 1 1 1 mu lllmiui o.i i i i mi n i i i mini i i i iiimi o 1 — 1 1 111 1 111 1 1 11 1 111 1 L 1 11 1111 1 

0.01 0.1 1 10 100 10 100 Ik 10k 100k 0.01 0.1 1 1 

REVERSE CURRENT(mA) FREQUENCY(Hz) FORWARD CURRENT(mA) 


Reverse Characteristics 


Reverse Characteristics 



= -55 

1 

°C TO 125°C 

i 
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REVERSE VOLTAGE(V) 
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LT1034-1.2/LT1034-2.5 


TVPICAl PCRFORfflnnCC CHRRRCTCRISTICS 


Response Time 


'OUTPUT' 



INPUT 


0 20 40 60 80 

TIMERS) 


1.5 


^ 1.0 
> 

UJ 

< 0.5 

t 0 


5 

0 


Response Time 




n 
















JL 

0 

JTPUT 

T 

— 



— 

— 

f 

- v w 

36kQ 

V0UT - 

,2V 

— 

— 



I] 


\ 

NPUT 






□ 







0 100 200 300 400 

TIME(/tS) 



PACKDGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

H Package Metal Can Z Package Plastic 
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LT1034CS8-1.2 

LT1034CS8-2.5 


Micropower Dual Reference 


F€ATUR€S 


DCSCRIPTIOfl 


■ Guaranteed 40 ppm/°C Drift 

■ 20/tA to 20mA Operation (1.2V) 

■ 1ft Dynamic Impedance 

■ 7V, 100/tA Reference 


APPLICATION 

■ Portable Meters 

■ Precision Regulators 

■ Calibrators 


The LT1034 is a micropower, precision 1.2V/2.5V reference 
combined with a 7V auxiliary reference. The 1.2V/2.5V 
reference is a trimmed, thin-film, band-gap voltage refer- 
ence with 1% initial tolerance and guaranteed 20ppm/°C 
temperature drift. Operating on only 20^A, the LT1034 of- 
fers guaranteed drift, low temperature cycling hysteresis 
and good long term stability. The low dynamic impedance 
makes the LT1034 easy to use from unregulated supplies. 
The 7V reference is a subsurface zener device for less de- 
manding applications. 

The LT1034 reference can be used as a high performance 
upgrade of the LM385 or LT1004, where guaranteed tem- 
perature drift is desired. 


TYPICAL APPLICATIOfl 


Temperature Drift 
LT1034CS8-1.2 


15V 


7V OUTPUT 




-50 -25 0 25 50 75 100 125 

TEMPERATURE(°C) 


X7UDS3B 
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LT1034CS8-1.2 

LT1034CS8-2.5 


absolute mflximum aatirgs 


PRCKAG€/ORD€R lOFORfltATlOA 


Operating Current 20mA 

Forward Current (Note 1) 20mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 

NC 
NC 
NC 
GND 

S8 PACKAGE 
PLASTIC SO 




C 7] 2.5 V 
3 NO 
7| 2.5V 

-N-U™ 


ORDER PART 
NUMBER 


LT 1 034CS8-1 .2 
LT1034CS8-2.5 


PART MARKING 


3401 (1.2V VERSION) 

3402 (2.5V VERSION) 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT 1 034CS8-1 .2 

LT1034CS8-2.5 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

Ir = 100/iA 

25° C 

1.210 

1.225 

1.240 

2.46 

2.5 

2.54 

V 



• 

1.205 

1.225 

1.245 

2.43 

2.5 

2.57 

V 

Reverse Breakdown Change 

Note 3 

25°C 


0.5 

2.0 


1 

3 

mV 

with Current 


• 


1.0 

4.0 


1.5 

6 

mV 


2mA<l R <20mA 

25°C 


4 

8.0 


6 

16 

mV 



• 


6.0 

15.0 


10 

20 

mV 

Minimum Operating Current 


• 


10 

20 


15 

30 

/*A 

Temperature Coefficient 

l R = 100^A 

• 


20 

40 


20 

40 

ppm/°C 

Reverse Dynamic Impedance (Note 2) 

Ir = 100/iA 

25°C 


0.25 

1.0 


0.5 

1.5 

Q 



• 


0.50 

2.0 


1 

2.5 

Q 

Low Frequency Noise 

l R = 1 00 /aA, 0.1 Hz < F < 1 0Hz 

• 

4 

6 

mV P-P 

Long Term Stability 

l R = 100/iA,T = 25°C 

25°C 

20 

20 

ppm/Vkhrs 


€L€CTRICAL CHARACTERISTICS 7V Reference 


PARAMETER 

| CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

I R = 100 M A 

25°C 

6.8 

7.0 

7.3 

V 



• 

6.75 

7.0 

7.4 

V 

Reverse Breakdown Change 

100/iA<l R <1mA 

25°C 


90 

140 

mV 

with Current 

100/iA<l R <1mA 

• 


100 

190 

mV 


1mA<l R <20mA 

25°C 


160 

250 

mV 


1mA<l R <20mA 

• 


200 

350 

mV 

Temperature Coefficient 

I 

n 

tr 

• 

40 

ppm/°C 

Long Term Stability 

| l R = 100/iA 

25°C 

20 

ppm/Vkhrs 


The • denotes specifications that apply over the operating temperature 
range. 

Note 1: Forward biasing either diode will affect the operation of the other 
diode. 


Note 2: This parameter guaranteed by “reverse breakdown change with 
current” test. 

Note 3: For the LT1034CS8-1.2, 20/iA<l R <2mA. For the LT1034CS8-2.5, 
30/tA<l R <2mA. 
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TECHNOLOGY 


FCRTURCS 

■ Guaranteed 10 ppm/°C temperature coefficient 

■ Guaranteed 1.00 max. dynamic impedance 

■ Guaranteed 20^V max. wideband noise 

■ Wide operating current range 0.6mA to 15mA 


nppucnnons 

■ Transducers 

■ A/D and D/A Converters 

■ Calibration Standards 

■ Instrumentation Reference 


LM 1 29/LM329 

6.9V Precision 
Voltage Reference 

DCSCRIPTIOn 

The LM129 temperature compensated 6.9 Volt zener 
references provide excellent stability over time and 
temperature, very low dynamic impedance and a wide 
operating current range. The device achieves low dy- 
namic impedance by incorporating a high gain shunt 
regulator around the zener. The excellent noise perfor- 
mance of the device is achieved by using a “buried 
zener” design which eliminates surface noise phe- 
nomenon associated with ordinary zeners. To serve a 
wide variety of applications, the LM129 is available in 
several temperature coefficient grades and two pack- 
age styles. A 20mA positive current source applica- 
tion is shown below. 


20mA Positive Current Source 



Reverse Voltage Change 





PH 






pn 

PP 

pH 

PHI 


■ 

| 


r 




■ 

m 




SMI 



■ 

a 


Hi 


m 






0 2 4 6 8 10 


REVERSE CURRENT (mA) 
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LM129/LM329 


absolute mnximum rotirgs 

Reverse Breakdown Current 30mA 

Forward Current 2mA 

Operating Temperature Range 

LM129 — 55°Cto 125°C 

LM329 0°Cto 70°C 

Storage Temperature Range 

LM129 — 65°Cto 150°C 

LM329 — 65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRGC/ORDCR IRFORmRTIOn 


BOTTOM VIEW 

LM129AH LM329AH 


LM129BH LM329BH 

\ j j 

LM129CH LM329CH 

H PACKAGE 

LM329DH 

TO-46 METAL CAN 



LM329AZ 

LM329BZ 

LM329CZ 

LM329DZ 


BOTTOM VIEW 



Z PACKAGE 
TO-92 PLASTIC 


€l€CTRICRl CHARACTERISTICS (See Rote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM1 29A.B.C 

MIN TYP MAX 

LM329A.B.C.D 

MIN TYP MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

T a = 25°C 

0.6mA < Ir < 15mA 


6.7 6.9 7.2 

6.6 6.9 7.25 

V 

AV Z 

Al„ 

Reverse Breakdown Voltage Change 
with Current 

T a = 25°C 

0.6mA < l R < 15mA 


9 14 

9 20 

mV 

AV Z 

AIr 

Reverse Breakdown Voltage Change 
with Current 

1mA < l R < 15mA 

• 

12 

12 

mV 

AV Z 

A Temp 

Temperature Coefficient 

l R = 1mA 

LM129A/LM329A 

LM129B/LM329B 

LM129C/LM329C 

LM329D 


6 10 

15 20 

30 50 

6 10 

15 20 

30 50 

50 100 

ppm/°C 

ppm/°C 

ppm/°C 

ppm/°C 


Change in Temperature Coefficient 

1mA < l R < 15mA 


1 

1 

ppm/°C 

rz 

Dynamic Impedance (Note 2) 

T a = 25°C, l R = 1mA(10Hz<f< 100Hz) 


0.6 1 

0.8 2 


rz 

Dynamic Impedance (Note 2) 

1mA < Ir < 15mA(10Hz<f<100Hz) 

• 

0.8 

1 

fl 

e n 

RMS Noise 

T a = 25°C, 

10Hz < f < 10kHz 


7 20 

7 100 

mV 

AV Z 

A Time 

Long Term Stability 

T a - 45°C ± 0.1°C 
l R = 1mA ± 0.3% 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over full operating 
temperature range. 

Note 1: These specifications apply over the full operating 
temperature range unless otherwise noted. To determine the junction 
temperature as a function of the ambient temperature, see 0 JA for 
each package. 

Note 2: Dynamic impedance guaranteed by “Reverse Breakdown Voltage 
Change with Current”. 
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LM129/LM329 


TYPICAL APPUCATIOAS 


Common Reference 


Buffered Reference Using a Single Supply 


Precision Clamp 


LM329 LT1001 

3 , ^ 




E 


id 
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LM129/LM329 



PACKAGE DCSCAIPTIOA 

H Package, 2 Lead TO-46 Metal Can 




Z Package, 3 Lead TO-92 Plastic 



0 045-0.055 
(1 143-1 397) 



Tj-max 

®ja 

100°C 

160°C/W 
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TECHNOLOGY 


F€ATUA€S 

■ 1/*A to 10mA Operation 

■ 0.02% /V Regulation 

■ 0.8V to 40V Operating Voltage 

■ Can be Used as Linear Temperature Sensor 

■ Draws No Reverse Current 

■ Supplied in Standard Transistor Packages 


APPUCATIOAS 

■ Current Mode Temperature Sensing 

■ Constant Current Source for Shunt References 

■ Cold Junction Compensation 

■ Constant-Gain Bias for Bipolar Differential Stage 

■ Micropower Bias Networks 

■ Buffer for Photoconductive Cell 

■ Current Limiter 


Constant Current Source 
and Temperature Sensor 

DCSCAIPTIOA 

The LM 1 34 is a three-terminal current source designed to 
operate at current levels from 1/*A to 10mA, as set by an 
external resistor. The device operates as a true two- 
terminal current source, requiring no extra power con- 
nections or input signals. Regulation is typically 
0.02% /V and terminal-to-terminal voltage can range 
from 800mV to 40V. 

Because the operating current is directly proportional to 
absolute temperature in degrees Kelvin, the device will 
also find wide applications as a temperature sensor. The 
temperature dependence of the operating current is 
+ 0.336% /°C at room temperature. For example, a 
device operating at 298^A will have a temperature coeffi- 
cient of +1/iA/°C. The temperature dependence is ex- 
tremely accurate and repeatable. Devices specified as 
temperature sensors in the IOOjiA to 1mA range are the 
LM 134-3, LM 234-3 and the LM134-6, LM234-6, with 
the dash numbers indicating ±3°C and ±6°C ac- 
curacies, respectively. 

If a zero temperature coefficient current source is re- 
quired, this is easily achieved by adding a diode and a 
resistor. 


Remote Temperature Sensor 
with Voltage Output 



Operating Current vs 
Temperature 



XTUosee 
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LM134 Series 


absolute mnximum rrtirgs 


V + to M~ Forward Voltage 

LM134 40V 

LM 1 34-3 / LM 1 34-6 / LM 234-3 / 

LM234-6/LM334 30V 

V + toV - Reverse Voltage 20V 

R Pin to V~ Voltage 5V 

Set Current 10mA 

Power Dissipation 200mW 

Operating Temperature Range 
LM 1 34 / LM 1 34-3 / LM 1 34-6 .... -55°Cto125°C 

LM234-3/LM234-6 -25°Cto100°C 

LM334 0°Cto 70°C 

Lead Temperature (Soldering, lOsec.) 300°C 


PACKAGE/ORDER MFORfllATlOA 



ORDER PA 

RT NUMBER 

CURRENT 

SOURCE 

TEMP 

SENSOR 

BOTTOM VIEW 

H PACKAGE 

TO-46 METAL CAN 

LM134H 

LM334H 

LM134H-3 

LM234H-3 

LM134H-6 

LM234H-6 

BOTTOM VIEW 

LM334Z 

LM234Z-3 

LM234Z-6 

/ V+ R V-\ 

Z PACKAGE 

TO-92 PLASTIC 


ELECTRICAL CHARACTERISTICS CURRENT SOURCE (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM134 

MIN TYP MAX 

LM334 

MIN TYP MAX 

UNITS 

A| SET 

Set Current Error, V + =2.5V 

1 0piA < 1 sej ^ 1 mA 

3 

6 

% 


(Note 2) 

1mA<l SET <5mA 

5 

8 

% 



2/u,A < 1 set < 1 0/lA 

8 

12 

% 


Ratio of Set Current to 

10/iA<l S ET^1mA 

14 18 23 

14 18 26 



V~ Current 

1mA<l SET <5mA 

14 

14 




2^A <1 set ^ 10/lA 

18 23 

18 26 


V MIN 

Minimum Operating Voltage 

2piA < 1 set — 1 00/lA 

0.8 

0.8 

V 



1 00/u.A < 1 SET < 1 mA 

0.9 

0.9 

V 



1mA<l SET <5mA 

1.0 

1.0 

V 

AI SET 

Average Change in Set Current 

1.5V <V + <5V 

0.02 0.05 

0.02 0.1 

%/v 

AV|n 

with Input Voltage 

2/iA<l S ET^1mA 






5V<V+<V max (Note 4) 

0.01 0.03 

0.01 0.05 

%/v 



1.5V<V<5V 

0.03 

0.03 

%/v 



1mA<l SET <5mA 






5V<V<V max (Note 4) 

0.02 

0.02 

%/v 


Temperature Dependence of 

25/iA<l SET <1mA 

0.96T T 1.04T 

0.96T T 1.04T 



Set Current (Note 3) 





Cs 

Effective Shunt Capacitance 


15 

15 

PF 
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LM134 Series 


ELECTRICAL CHARACTERISTICS TEMPERATURE SENSOR (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM 134-3, LM234-3 

MIN TYP MAX 

LM134-6, LM 234-6 

MIN TYP MAX 

UNITS 

AI set 

Set Current Error, V + =2.5 V 
(Note 2) 

1 00/xA Ss 1 set ~ 1 m A 

Tj = 25°C 

±1 

±2 

% 


Equivalent Temperature Error 


±3 

±6 

°C 


Ratio of Set Current to 

V" Current 

100^A<l S ET^1mA 

14 18 26 

14 18 26 


V MIN 

Minimum Operating Voltage 

1 00/xA < 1 SET — 1 m A 

0.9 

0.9 

V 

ai set 

AV| N 

Average Change in Set Current 
with Input Voltage 

1.5VsV + <5V 
100/iAsl SET <1mA 
5V<V + <30V 

0.02 0.05 

0.01 0.03 

0.02 0.1 

0.01 0.05 

%/v 

%/v 

Temperature Dependence of 

Set Current (Note 3) 

100^A<l SET <1mA 

0.98T T 1.02T 

0.97T T 1.03T 



Equivalent Slope Error 


±2 

±3 

% 

c s 

Effective Shunt Capacitance 


15 

15 

PF 


Note 1: Unless otherwise specified, tests are performed at Tj = 25°C 
with pulse testing so that junction temperature does not change during 
test. 

Note 2: Set current is the current flowing into the V + pin. It is deter- 
mined by the following formula: l SET =67.7mV/R S ET (@25°C). Set cur- 
rent error is expressed as a percent deviation from this amount. I SET 
increases at 0.336% /°C@Tj = 25°C. 


Note 3: l SET is directly proportional to absolute temperature (°K). I SET at 
any temperature can be calculated from: l SET =l 0 (T/T 0 ) where l 0 is I S et 
measured at T 0 (°K). 

Note 4: V max = 40V for LM134 and 30V for other grades. 
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LM134 Series 


APPUCATIOAS MFOAmATIOn 

Basic Theory of Operation 

The equivalent circuit of the LM134 is shown in Figure 1 . 
A reference voltage of 64mV is applied to the minus input 
of A1 with respect to the V - pin. A1 serves the drive to 
Q2 to keep the R pin at 64mV, independent of the value of 
Rset- Transistor Q1 is matched to Q2 at a 17:1 ratio so 
that the current flowing out of the V " pin is always 1/18 
of the total current into the V + pin. This total current is 
called I set and is equal to 



The 67.7mV equivalent reference voltage is directly pro- 
portional to absolute temperature in degrees Kelvin (see 
curve, “Operating Current vs Temperature”). This 
means that the reference voltage can be plotted as a 
straight line going from OmV at absolute zero temperature 
to 67.7mV at 298°K (25°C). The slope of this line is 
67.7mV/ 298 = 227/iV/ °C. 

The accuracy of the device is specified as a percent error 
at room temperature, or in the case of the -3 and -6 de- 
vices, as both a percent error and an equivalent tempera- 
ture error. The LM134 operating current changes at a 
percent rate equal to (100) (227/tV/°C)/(67.7mV) = 
0.336%/°Cat25°C, so each 1% operating current error 
is equivalent to « 3 °C temperature error when the device 
is used as a temperature sensor. The slope accuracy 
(temperature coefficient) of the LM134 is expressed as a 


ratio compared to unity. The LM134-3, for instance, is 
specified at 0.98T to 1 .02T, indicating that the maximum 
slope error of the device is ± 2% when the room temper- 
ature current is set to the exact desired value. 


Supply Voltage Slew Rate 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to Iset- At 
Iset = 10ptA, maximum dv/dt is 0.01 V//*s; at Iset = 1 mA, 
the limit is 1V//tS. Slew rates above the limit do not harm the 
LM134, or cause large currents to flow. 


Thermal Effects 

Internal heating can have a significant effect on current 
regulation for Iset greater than 100/A For example, 
each 1 V increase across the LM 1 34 at Iset = 1 mA will in- 
crease junction temperature by =0.4°C in still air. Out- 
put current (Iset) has a temperature coefficient of 
«0.33%/°C, so the change in current due to tempera- 
ture rise will be (0.4) (0.33) =0.132%. This is a 10:1 
degradation in regulation compared to true electrical ef- 
fects. Thermal effects, therefore, must be taken into ac- 
count when DC regulation is critical and Iset exceeds 
100/A Heat sinking of the TO-46 package or the TO-92 
leads can reduce this effect by more than 3:1 . 


Shunt Capacitance 

In certain applications, the 15pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buf- 
fering the LM 1 34 with an FET, as shown in the applications . 
This can reduce capacitance to less than 3pF and improve 
regulation by at least an order of magnitude. DC characteris- 
tics (with the exception of minimum input voltage) are not 
affected. 
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LM134 Series 


nppucATions mfonmnnon 

Noise 

Current noise generated by the LM 1 34 is approximately 4 
times the shot noise of a transistor. If the LM134 is used 
as an active load for a transistor amplifier, input referred 
noise will be increased by about 12dB. In many cases, 
this is acceptable and a single stage amplifier can be built 
with a voltage gain exceeding 2000. 

Lead Resistance 

The sense voltage which determines the operating cur- 
rent of the LM134 is less than lOOmV. At this level, 
thermocouple or lead resistance effects should be 
minimized by locating the current setting resistor 
physically close to the device. Sockets should be avoided 
if possible. It takes only 0.70 contact resistance to 
reduce output current by 1% at the 1mA level. 

Start-Up Time 

The LM134 is designed to operate at currents as low as 
1 /kA. This requires that internal biasing current be well 
below that level because the device achieves its wide 
operating current range by using part of the operating 
current as bias current for the internal circuitry. Toensure 
start-up, however, a fixed trickle current must be pro- 
vided internally. This is typically in the range of 
20nA-200nA and is provided by the special ultra-low 
Idss FETs shown in the Schematic Diagram as Q7 and 
Q8. The start-up time of the LM134 is determined by the 
Idss of these FETs and the capacitor Cl . This capacitor 
must charge to approximately 500mV before Q3 turns on 
to start normal circuit operation. This takes as long as 
(500mV) (50pF)/(20nA) = 1.25ms for very low Idss 
values. 

Using the LM134 as a Temperature Sensor 

Because it has a highly linear output characteristic, the 
LM134 makes a good temperature sensor. It is particu- 
larly useful in remote sensing applications because it is a 
current output device and is therefore not affected by long 
wire runs. It is easy to calibrate, has good long term 
stability, and can be interfaced directly with most data ac- 
quisition systems, eliminating the expensive preampli- 
fiers required for thermocouples and platinum sensors. 


A typical temperature sensor application is shown in 
Figure 2. The LM134 operating current at 25°C is set at 
298/iA by the 22612 resistor, giving an output of 1/iA/°K. 
The current flows through the twisted pair sensor leads to 
the 1 0kfi termination resistor, which converts the current 
output to a voltage of 10mV/°K referred to ground. The 
voltage across the 10kl2 resistor will be 2.98V at 25° C, 
with a slope of 10mV/°C. The simplest way to convert 
this signal to a Centigrade scale is to subtract a constant 
2.73 V in software. Alternately, a hardware conversion 
can be used , as shown in Figure 3, using an LT 1 009 as a 
level shifter to offset the output to a Centigrade scale. 

The resistor (Rset) used to set the operating current of the 
LM134 in temperature sensing applications should have 
low temperature coefficient and good long term stability. 



Figure 2. Kelvin Temperature Sensor 



Figure 3. Centigrade Temperature Sensor 
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LM134 Series 


Applications inFORmnnon 


30ppm/°C drift in the resistor will change the slope of the 
temperature sensor by 1 %, assuming that the resistor is at 
the same temperature as the sensor, which is usually the 
case since the resistor should be located physically close to 
the LM134 to prevent errors due to wire resistance. A long 
term shift of 0.3% in the resistor will create a 1°C 
temperature error. The long term drift of the LM134 is 
typically much better than this, so stable resistors must be 
used for best long term performance. 

Calibration of the LM134 as a temperature sensor is ex- 
tremely easy. Referring to Figure 2, calibration is achieved 
by trimming the termination resistor. This theoretically trims 
both zero and slope simultaneously for Centigrade and 
Fahrenheit applications. The initial errors in the LM134 are 
directly proportional to absolute temperature, just like the 
actual output. This allows the sensor to be trimmed at any 
temperature and have the slope error be corrected at the 
same time. Residual slope error is typically less than 1 % 
after this single trim is completed. 


The two trims shown in Figure 3 are still intended to be a 
“one point” temperature calibration, where the zero and 
the slope are trimmed at a single temperature. The 
LT1009 reference is adjusted to give 2.700V at node “a” 
at Tsensor = 25°C. The 1 k trimmer then adjusts the out- 
put for 0.25V, completing the calibration. If the calibra- 
tion is to be done at a temperature other than 25 °C, trim 
the LT1009 for 2.7025 - (1#iA)[Tsensor (°C)](1000) at 
node “a” , then adjust the 1 k trimmer for proper output. 

If higher accuracy is required, a two point calibration 
technique can be used. In Figure 4, separate zero and 
slope trims are provided. Residual non-linearity is now 
the limitation on accuracy. Non-linearity of the LM134 in a 
100°C span is typically less than 0.5°C. This particular 
method of trimming has the advantage that the slope trim 
does not interact with the zero trim. Trim procedure is to 
adjust for zero output with Tsensor =0°C, then trim 
slope for proper output at some convenient second 
temperature. No further trimming is required. 



Figure 4. Centigrade Temperature Sensor with 2 Point Trim 
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LM134 Series 


TYPICAL APPLICATION 


Basic 2-Terminal Current Source 


Low Output Impedance 
Thermometer (Kelvin Output) 



‘OUTPUT IMPEDANCE OF THE LM 134 AT THE “FT PIN IS 


APPROXIMATELY -^pQ, WHERE R 0 IS THE EQUIVALENT 

EXTERNAL RESISTANCE CONNECTED TO THE V~ PIN. THIS 
NEGATIVE RESISTANCE CAN BE REDUCED BY A FACTOR OF 5 OR 
MORE BY INSERTING AN EQUIVALENT RESISTOR IN SERIES 
WITH THE OUTPUT. 


Zero Temperature Coefficient Current Source 


Higher Output Current 


+ V| N 



— V|N 


‘SELECT RATIO OF R1 TO R S ET TO OBTAIN 
ZERO DRIFT. | + ®2lsET- 


+ V| N 



‘SELECT R1 AND Cl FOR OPTIMUM STABILITY 
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LM134 Series 


TYPICAL APPUCATIOAS 

Low Output Impedance 

Thermometer Low Input Voltage Reference Driver 




‘SELECT RATIO OF R1 TO R2 FOR ZERO TEMPERATURE DRIFT 
“LM134 AND DIODE SHOULD BE ISOTHERMAL 


Zener Biasing 

+ V, N 



urns, 
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TYPICAL APPLICATION 


Alternate Trimming Technique Buffer for Photoconductive Ceil High Precision Low TC Current Source 




*F0R ±10% ADJUSTMENT, SELECT R S ET 
10% HIGH AND MAKE R1 *3RsET 


( + ) 



(-) 


*ISET= IjZY +10^A 
R2 

I SET TC=0.016%/°C+33nA/°C 
REGULATION *0.001 %/V 


Precision 10nA Current Source 


Micropower 5V Reference 



l 0 =10nA 

Z 0 ^10l2fi 

COMPLIANCE* -14V TO + 12.5V 





LM134 Series 


TVPICfil fiPPLICRTIOnS 


FET Cascoding for Low Capacitance and/or 
Ultra High Output Impedance 



* SELECT Q1 OR Q2 TO ENSURE AT LEAST IV ACROSS THE LM134. V p (1 -I S et/Idss)s=1.2V. 


In-Line Current Limiter 


Rset 



*USE MINIMUM VALUE REQUIRED TO ENSURE STABILITY OF PROTECTED 
DEVICE. THIS MINIMIZES INRUSH CURRENT TO A DIRECT SHORT. 


Generating Negative Output Impedance Ground Referred Fahrenheit Thermometer 


+ V IN 



— VlN 


*Zqut~ -16 • R1 (RI/Vin MUST NOT EXCEED l S ET)- 


+ V|m>3V 



scHcmnnc DinGRnm 


v+ 
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PRCKRGC DCSCRIPTIOR 


H Package 
Metal Can 


0.209-0.219 




Tjmax 

0ja 

0jc 

150°C 

440°C/W 

80°C/W 


Z Package 
Plastic 


0.175-0.185 




(4.445-4.699) 

0.175-0.185 Jr 

1 1 

! r\ ! 

0.065 

(4.445-4.699) 
SEATING t 

L 


Cl 

, (1-651) 
f DIA 

PLANE | k 

0.500 0.090 

(12.70) (2.286) 
MIN NOM 

1 


-► 

L 


0.025 

(0.635) 

MAX 

UNCONTROLLED 
LEAD DIA 

.018 

^ (0.457) 

— TYP 

0.045-0.055 


5°N0M 



FINISH 



f 0.135-0.145 
(3.429-3.683) 


10°N0M 


Tjmax 

0ja 

100°C 

160°C/W 
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TECHNOLOGY 


F€ATUR€S 

■ 1/iA to 10mA Operation 

■ 0.02%/V Regulation 

■ 0.8V to 30V Operating Voltage 

■ Can Be Used as Linear Temperature Sensor 

■ Draws No Reverse Current 


APPLICATORS 

■ Current Mode Temperature Sensing 

■ Constant Current Source for Shunt References 

■ Cold Junction Compensation 

■ Constant-Gain Bias for Bipolar Differential Stage 

■ Micropower Bias Networks 

■ Buffer for Photoconductive Cell 

■ Current Limiter 


Constant Current Source 
and Temperature Sensor 

D€SCRIPTIOA 

The LM334 is a three-terminal current source designed to 
operate at current levels from 1 /jA to 10mA, as set by an 
external resistor. The device operates as a true two- 
terminal current source, requiring no extra power connec- 
tions or input signals. Regulation is typically 0.02%/V and 
terminal-to-terminal voltage can range from 800mV to 30V. 

Because the operating current is directly proportional to 
absolute temperature in degrees Kelvin, the device will 
also find wide applications as a temperature sensor. The 
temperature dependence of the operating current is 
+ 0.336%/°C at room temperature. For example, a device 
operating at 298*iA will have a temperature coefficient of 
+ VA/ 0 C. The temperature dependence is extremely accu- 
rate and repeatable. 

If a zero temperature coefficient current source is 
required, this is easily achieved by adding a diode and a 
resistor. 


Remote Temperature Sensor 
with Voltage Output 



Operating Current vs 
Temperature 



0 100 200 300 400 500 

OPERATING CURRENT (pA) 
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LM334S8 


absolute mnximum ratiags 


V + to V - Forward Voltage 30V 

V + toV - Reverse Voltage 20V 

R Pin to V - Voltage 5V 

Set Current 10mA 

Power Dissipation 200mW 

Operating Temperature Range 0°C to 70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGC/ORDCR IAFORAIATIOA 



ELECTRICAL CHARACTERISTICS CURRENT SOURCE (Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM334 

MIN TYP MAX 

UNITS 

AIset 

Set Current Error, V + = 2.5V 

%A< I S et ^ 1mA 

6 

% 


(Note 2) 

1mA<l SET <5mA 

8 

% 



2/iA<lsET<10/*A 

12 

% 


Ratio of Set Current to 

1 0/iA< Iset ^ 1mA 

14 18 26 



V" Current 

1mA<l S ET^5mA 

14 




2/jA<Iset^10/*A 

18 26 


Vmin 

Minimum Operating Voltage 

2/iA<lsET^100/iA 

0.8 

V 



100/iA< Iset -1mA 

0.9 

V 



1 mA< I S et ^ 5mA 

1.0 

V 

a| set 

Average Change in Set Current 

1.5V<V + <5V 

0.02 0.1 

%/v 

av, n 

with Input Voltage 

2/iA< Iset— 1mA 





5V<V+<30V 

0.01 0.05 

%/v 



1.5V<V<5V 

0.03 

%/v 



1 mA< I S et ^ 5mA 





5V<V<30V 

0.02 

%/v 


Temperature Dependence of 

25/tA< Iset ^ 1mA 

0.96T T 1.04T 



Set Current (Note 3) 




C s 

Effective Shunt Capacitance 

i 

15 

PF 


Note 1: Unless otherwise specified, tests are performed at Tj = 25°C with 
pulse testing so that junction temperature does not change during test. 
Note 2: Set current is the current flowing into the V + pin. It is determined 
by the following formula: l SET = 67.7mV/R SET (@25°C). Set current error is 
expressed as a percent deviation from this amount. I SET increases at 
0.336%/°C@Tj = 25°C. 


Note 3: l SET is directly proportional to absolute temperature (°K). Iset at any 
temperature can be calculated from: I S et = ' o (T/T 0 ) where l 0 is I S et meas- 
ured atT 0 (°K). 
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FCATUIKS 

■ Guaranteed Temperature Stability 

■ Maximum 0.612 Dynamic Impedance 

■ Adjustable for Minimum Temperature Coefficient 

■ Wide Operating Current Range 


APPUCATIOnS 

■ Reference for 5V Systems 

■ 8 Bit A/D and D/A Reference 

■ Digital Voltmeters 

■ Current Loop Measurement and Control Systems 

■ Power Supply Monitor 


LM 1 36-2.5/LM336-2.5 
2.5 Volt Reference 


D€SCRIPTK>n 

The LM136-2.5 is a general purpose shunt regulator 
diode designed to operate over a wide current range 
while maintaining good stability with time and tem- 
perature. The third terminal allows either the tempera- 
ture coefficient to be minimized or the reference 
voltage to be adjusted without changing the tempera- 
ture coefficient. Because it operates as a shunt regula- 
tor it can be used equally well as a positive or negative 
reference. 

The LM 136-2.5 is available with initial tolerances as 
low as 1% in either a TO-46 metal can for hermetic re- 
quirements or a low cost T0-92 plastic package. 

Linear’s advanced design, test and process tech- 
niques have optimized the LM136-2.5 to achieve su- 
perior performance and reliability over previous 
designs. For more demanding precision reference ap- 
plications requiring very low initial tolerance and tem- 
perature coefficients, consult the LT1009 data sheet. 
A typical 2.5 Volt reference with trim is shown below. 


2.5 Volt Reference 


Reverse Voltage Change 



rrimm 

JtkmF TECHNOLOGY 
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LM1 36-2.5/LM336-2.5 


absolute maximum aarmGS 

Reverse Current 15mA 

Forward Current 10mA 

Operating Temperature Range 

LM136-2.5 — 55°Cto 125°C 

LM336-2.5 0°Cto70°C 

Storage Temperature Range 

LM 136-2.5 — 65°Cto 150°C 

LM336-2.5 -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRGE/ORDER IRFORRIRTIOR 



ELECTRICAL CHARACTERISTICS (See Rote 1) 






LM136A/LM136 1 

LM336B/LM336 1 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN TYP 

MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

T a = 25°C, I r = 1mA 










LM136/LM336 


2.440 

2.490 

2.540 

2.390 2.490 

2.590 

V 



LM136A/LM336B 


2.465 

2.490 

2.515 

2.440 2.490 

2.540 

V 

AV Z 

Reverse Breakdown Change with 









AIr 

Current 

400mA < Ir < 10mA 










T a = 25°C 



2.6 

6 

2.6 

10 

mV 



Tmin ^ T a < T max 

• 


3 

10 

3 

12 

mV 

h 

Reverse Dynamic Impedance 

Ir = 1mA 










T a = 25°C 



0.2 

0.6 

0.2 

1.0 




Tmin ^ T a < T max 

• 


0.4 

1 

0.4 

1.4 

G 

AV Z 

Temperature Stability 

V R adjusted to 2.490V, l R = 1mA 








ATemp 


Tmin ^ T a < T max 










LM 136A/LM 136 

• 


12 

18 



mV 



LM336B/LM336 
(See Figure 1.) 

• 




1.8 

6 

mV 

AV Z 

A Time 

Long Term Stability 

T a = 25°C ± 0.1°C, l R - 1mA 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over full operating 
temperature range. 


Note 1: The LT 1009 is an improved, low cost, pin for pin replacement 
for the “A” and “B” versions. For further information consult the 
LT1009 data sheet. 


Adjusting the LIVI336 for minimum temperature coefficient 
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DYNAMIC IMPEDANCE (Q) 


LM 1 36-2.5/LM336-2.5 





rr\im. 
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LM136-2.5/LM336-2.5 


typical application 

Wide Supply Range, Reference 

+ 3.6V TO +40V 



Switchable ± 1.25V Bipolar Reference 


5V 



Low Temperature Coefficient Power Regulator 


LT317A 
IN OUT 
ADJ. 


ADJUST R2 
FOR 3.75V 
ACROSS R1 


1 1.2k 


v OUT 


IN4148W 




R1 

375 


IN4148V 


i 


Low Noise 2.5V Buffered Reference 



PACK AG€ DCSCRIPTIOA 

H Package, 3 Lead TO-46 Metal Can 

0.209-0.230 



Z Package, 3 Lead TO-92 Plastic 



(3.429-3.683) 


Tjmax 

0ja 

0 ic 


Tjmax 

®ja 

150°C 

440°C/W 

80°C/W 


100°C, 

160°C/W 
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LM185-1 .2/LM385-1 .2 


/rum. 

TECHNOLOGY 


KATURCS 

■ 10/laA to 20mA operating range 

■ Guaranteed 1% initial voltage tolerance 

■ Guaranteed 10 dynamic impedance 

■ Very low power consumption 


APPUCATIOAS 

■ Portable meter references 

■ Portable test instruments 

■ Battery operated systems 

■ Current loop instrumentation 


Micropower Voltage 
Reference 

DCSCRIPTIOA 

The LM185-1.2 is a two terminal band gap reference 
diode that has been designed for applications which 
require precision performance with micropower oper- 
ation. The device provides guaranteed operating 
specifications at currents as low as 10#tA. The nomi- 
nal voltage is 1.235V with both 1% and 2% tolerances 
available. Some additional features are: maximum dy- 
namic impedance of 10, low noise and excellent sta- 
bility over time and temperature. Advanced design, 
processing and testing techniques make Linear’s 
LM185-1.2 a superior choice over previous designs. A 
micro-power 5V reference application is shown below. 
For guaranteed TC, micropower references, see the 
LT1034 data sheet. 


Micro-power 5V Reference 


Reverse Voltage Change 
with Current 




0.01 0.1 1 10 100 


REVERSE CURRENT (mA) 


xtwbi 
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LM 185-1 .2/LM385-1 .2 


nesoiUTC maximum rotirgs 

Reverse Breakdown Current 30mA 

Forward Current 10mA 

Operating Temperature Range 

LM185-1.2 — 55°Cto 125°C 

LM385-1.2 0°Cto 70°C 

Storage Temperature Range 

LM 185-1. 2 -65°Cto150°C 

LM 385- 1.2 -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE /ORDER lAFOAfAATlOA 


BOTTOM VIEW 

ORDER PART NUMBER 


LM185H-1.2 

LM385H-1.2 

LM385BH-1.2 

H PACKAGE 

TO-46 METAL CAN 

(NOTE 3) 

BOTTOM VIEW 
/ 3 2 1 \ 

1° ?v ?i 

LM385Z-1.2 


LM385BZ-1.2 

Z PACKAGE 

TO-92 PLASTIC 

(NOTE 3) 


€L€CTRICRL CHARACTERISTICS (See Rote 1) 






LM185-1.2 

LM385-1.2/385B-1.2 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

T a = 25°C, l mi „ < Ir < 20mA 

LM185-1.2 


1.223 1.235 

1.247 




V 



LM385-1.2 




1.205 

1.235 

1.260 

V 



LM385B-1.2 (Note 3) 




1.223 

1.235 

1.247 

V 

AV Z 

A Temp 

f 

Average Temperature Coefficient 

l min < Ir < 20mA (Note 2 and Note 3) 


20 

20 

ppm/°C 

tmin 

Minimum Operating Current 

Tmin ^ T A < T max 

• 

8 

10 


8 

15 

mA 


Reverse Breakdown Voltage 

Change with Current 

lmin < Ir < 1mA 










T a = 25°C 



1 



1 

mV 

AV Z 

AIr 


Tmin ^ T A < T max 



1.5 



1.5 

mV 


1mA < Ir < 20mA 










T a = 25°C 



10 



20 

mV 



Tmin ^ T A < T max 

• 


20 



25 

mV 

Tz 

Reverse Dynamic Impedance 

Ir = 100 m A 










T a = 25°C 


0.2 

0.6 


0.4 

1 

ft 



Tmin ^ T a <T max 

• 


1.5 



1.5 

ft 

e n 

Wide Band Noise (RMS) 

Ir = 100 m A 

10Hz < f < 10kHz 


60 

60 

mV 

AV Z 

A Time 

Long Term Stability 

l R = 100 m A 

T a = 25°C ± 0.1°C 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over full operating 
temperature range. 

Note 1: All specifications are for T A = 25°C unless otherwise noted. 
For the LM185-1.2 T min = -55°C and T max = + 125°C. For LM385- 
1.2 T min = 0°C and T max = +70°C. 


Note 2: Selected devices with guaranteed maximum temperature 
coefficient are available upon request. 

Note 3: For applications requiring low initial tolerance guaranteed over 
temperature consult LT1004 data sheet. The LT1004 is a low cost pin 
for pin substitution device 
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LM185-1.2/LM385-1.2 


TYPICAL PCRFORfDARCC CHARACTERISTICS 


Reverse Characteristics Forward Characteristics 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0-01 0.1 1 10 100 
REVERSE VOLTAGE (V) FORWARD CURRENT (mA) 



-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 0.01 0.1 1 10 100 10 100 Ik 10k 100k 1M 


TEMPERATURE (°C) REVERSE CURRENT (mA) FREQUENCY (Hz) 


Noise Voltage Filtered Output Noise Response Time 



10 100 Ik 10k 100k 100 Ik 10k 100k 0 100 200 300 400 500 

FREQUENCY (Hz) CUTOFF FREQUENCY (Hz) TIME ^ SEC ^ 


XTUffi® 
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LM 185-1 .2/LM385-1 .2 


TYPICAL APPLICATION 





Micropower Reference for 9V Battery 

1.2V Reference from 1.5V Battery 


+9 V 

1 

+ 1.5V 

1 



l 

> 510k 

1 

i 

; 3k 



i 1.23V 


► 1.23V 


'A 

i LM385 - 1.2 

i 

( LM385- 1.2 



r 

j 

r 



PACKAGC DCSCRIPTIOA 

H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 
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Av/ TECHNOLOGY 


FCOTUfteS 

■ 20/tA to 20mA operating range 

■ Guaranteed 1% initial voltage tolerance 

■ Guaranteed lo dynamic impedance 

■ Very low power consumption 


Rppucnnons 

■ Portable meter references 

■ Portable test instruments 

■ Battery operated systems 

■ Panel meters 

■ Current loop instrumentation 


LM 1 85-2.5/LM385-2.5 

""Micropower Voltage 

Reference 

DCSCRIPTIOn 

The LM185-2.5 is a two terminal band gap reference 
diode that has been designed for applications which 
require precision performance with micropower oper- 
ation. The device provides guaranteed operating 
specifications at currents as low as 20/uA. The nomi- 
nal voltage is 2.5V with both 1% and 2% tolerances 
available. Some additional features are: maximum dy- 
namic impedance of 10, low noise and excellent sta- 
bility over time and temperature. The advanced 
design, processing and testing techniques make Lin- 
ear’s LM185-2.5 a superior choice over previous de- 
signs. A circuit for cold junction compensation of a 
thermocouple is show below. 

For applications requiring guaranteed temperature 
drift, see the LT1034 data sheet. 


Thermocouple Cold Junction Compensator 




0.01 0.1 1 10 100 


REVERSE CURRENT (mA) 


/yurm 
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LM185-2.5/LM385-2.5 


rbsoujtc mnximum RRrnnGS 

Reverse Breakdown Current 30mA 

Forward Current 10mA 

Operating Temperature Range 

LM 185-2.5 — 55°Cto 125°C 

LM385-2.5 0°Cto70°C 

Storage Temperature Range 

LM 185-2.5 — 65°Cto 150°C 

LM385-2.5 -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRGC i/ORD€R IRFORRIRTIOR 


BOTTOM VIEW 

H PACKAGE 

TO-46 METAL CAN 

ORDER PART NUMBER 

LM185H-2.5 
LM385H-2.5 
LM385BH-2.5 
(NOTE 2) 

BOTTOM VIEW 


(3 2 l\ 

LM385Z-2.5 


LM385BZ-2.5 

Z PACKAGE 

(NOTE 2) 

TO-92 PLASTIC 



€L€CTRICRL CHARACTERISTICS (See Rote 1) 






LM185-2.5 

LM385-2.5/385B-2.5 1 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN TYP 

MAX 

MIN TYP 

MAX 

UNITS 

V z 

Reverse Breakdown Voltage 

T a - 25°C, 20 m A < l R ^ 20mA 









LM 185-2.5 


2.462 2.5 

2.538 



V 



LM385-2.5 




2.425 2.5 

2.575 

V 



LM385B-2.5 (Note 2) 




2.462 2.5 

2.538 

V 

AV Z 

A Temp 

Average Temperature Coefficient 

20mA < l R < 20mA (Note 2) 


20 

20 

ppm/°C 

Imin 

Minimum Operating Current 

Tmin ^ T a < T max 

• 

8 

20 

8 

20 

mA 


Reverse Breakdown Voltage 

Change with Current 

20 fj. A < l R < 1mA 





1 

1 




T a = 25°C 



1 


2 

mV 

AV Z 

AIr 


Tmin ^ T a < T max 

• 


1.5 


2.5 

mV 


1mA < Ir < 20mA 









T a - 25°C 

1 


10 


20 

mV 



Tmin ^ T a < T max 

• 


20 


25 

mV 

rz 

Reverse Dynamic Impedance 

l R = 100mA (Note 3) 









T a = 25°C 


0.2 

0.6 

0.4 

1 

8 



Tmin ^ T a <T max 

• 


1.5 


1.5 

8 

6n 

Wide Band Noise (RMS) 

10Hz < f < 10kHz, l R = 100 m A 


120 

120 

mV 

AV Z 

A Time 

Long Term Stability 

T a = 25°C ± 0.1°C, l R - 100 m A 


20 

20 

ppm/kHr 


The • denotes the specifications which apply over full operating 
temperature range. 

Note 1: All specifications are for T A = 25°C unless otherwise noted. For 
the LM185-2.5 T min = -55°C and T max = + 125°C. For LM385-2.5 
Tmin^ 0 ^ 4nd T max = + 70°C. 


Note 2: For very low initial tolerance, consult LT1004 data sheet. The 
LT 1 004 is a low cost, pin for pin substitution device. For guaranteed 
temperature coefficient consult the LT1034-2.5 data sheet. 

Note 3: Guaranteed but not tested. 
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REFERENCE VOLTAGE 


LM1 85-2.5/LM385-2.5 


tvpicri p€RFORmnnc€ chrrrctcristics 



Forward Characteristics 



0.01 0.1 1 10 100 
FORWARD CURRENT (mA) 


Temperature Drift 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Reverse Dynamic Impedance 



0.01 0.1 1 10 100 
REVERSE CURRENT (mA) 


Reverse Dynamic Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Filtered Output Noise 



100 Ik 10k 100k 

CUTOFF FREQUENCY (Hz) 


40 

30 


$ 20 



0 

5V 

0 


Response Time 



TIME (mSEC) 


rrunm 
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LM185-2.5/LM385-2.5 



TYPICAL APPUCRTIOnS 

9 

< 

V 

1 

> 220k 

V + 

~T~ 3.7V ^ V + < 30V 

LM334 Q-- 1 

> 2.7k 


'i 

i LM385 - 2.5 

'jf LM385 - 2.5 


± 

REFERENCE FROM A 

9V BATTERY 

OPERATION OVER A 

WIDE SUPPLY RANGE 


PflCKflGC DCSCRIPTIOn 

H Package, 2 Lead TO-46 Metal Can Z Package, 3 Lead TO-92 Plastic 
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F€ATUR€S 


DCSCRIPTIOA 


■ 15/tA to 20mA Operating Range- 1.2V Version 

■ 20/iA to 20mA Operating Range-2.5V Version 

■ Guaranteed W Dynamic Impedance 

■ Very Low Power Consumption 


APPUCATIORS 

■ Portable Meter References 

■ Portable Test Instruments 

■ Battery Operated Systems 

■ Panel Meters 

■ Current Loop Instrumentation 


The LM385 series are two terminal band gap reference 
diodes that have been designed for applications which re- 
quire precision performance with micropower operation. 
The devices provide guaranteed operating specifications 
at currents as low as 15/A Some additional features are: 
maximum dynamic impedance of 10, low noise and excel- 
lent stability over time and temperature. The advanced de- 
sign, processing and testing techniques make Linear’s 
LM385 series a superior choice over previous designs. A 
circuit for cold junction compensation of a thermocouple 
is shown below. 



Thermocouple Cold Junction Compensator Reverse Voltage Change 

with Current 
(LM385-1.2) 



REVERSE CURRENT (mA) 
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LM385S8-1.2/LM385S8-2.5 


absolute maximum ratiags 


PACKAG€/ORD€R IflFORmATlOA 


Reverse Breakdown Current 30mA 

Forward Current 10mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


NC [T 

NC \L 

NC [7 

E- 


-3 

7] NC 
r 

(DO NOT USE) 


mr 


S8 PACKAGE 
PLASTIC SO 


ORDER 

PART NUMBER 


LM385S8-1.2 

LM385S8-2.5 


PART MARKING 


3851 (1.2V VERSION) 

3852 (2.5V VERSION) 


€l€CTRICAl CHARACT€RISTICS (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM 385-1. 2 

MIN TYP MAX 

LM385-2.5 

MIN TYP MAX 

UNITS 

v z 

Reverse Breakdown Voltage 

T A = 25°C, 20/tA < l R < 20mA 


1.205 1.235 1.260 

2.425 2.5 2.575 

V 

AV Z 

Average Temperature Coefficient 

l M i N <l R <20mA (Note 2) 


20 

20 

ppm/°C 

ATemp 







Imin 

Minimum Operating Current 

^min-^A-fmax 

• 

8 15 

8 20 

pA 

AV Z 

Reverse Breakdown Voltage 

U<l R <lmA 






Change with Current 

T A = 25°C 


1 

2 

mV 



Tmin-TA-"^max 

• 

1.5 

2.5 

mV 



1mA<l R <20mA 







T A =25°C 


20 

20 

mV 



^min - Ta - "^max 

• 

25 

25 

mV 

r Z 

Reverse Dynamic Impedance 

l R = 100/iA 







T a = 25°C 


0.4 1 

0.4 1 

a 



7min-TA^T max 

• 

1.5 

1.5 

Q 

e n 

Wide Band Noise (RMS) 

10Hz<f<10kHz, l R = 100^A 


60 

120 


A V z 

Long Term Stability 

T a = 25°C±0.1°C, l R = 100/iA 


20 

20 

ppm/kHr 

ATime 








The • denotes the specifications which apply over full operating tem- 
perature range. 

Note t: All specifications are for T A = 25°C unless otherwise noted. 
T m i„=0 t, CandT max = +70°C. 


Note 2: For guaranteed TC and very low initial tolerance, consult 
LT1034CS8 data sheet. The LT1034CS8 is a low cost, pin for pin substitution 
device. 
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LM199/LM399 

LM199A/LM399A 

Precision Reference 


F€flTUR€S 

■ Guaranteed 0.5 ppm/°C temperature coefficient 

■ Guaranteed 1.0 0 max. dynamic impedance 

■ Guaranteed 20^V RMS max. noise 

■ Guaranteed initial tolerance of 2% 

■ Wide operating current range 


nppucmions 


DCSCRIPTIOn 

The LM199/399 precision reference features excel- 
lent temperature stability over a wide range of voltage, 
temperature, and operating current conditions. A sta- 
bilizing heater is incorporated with the active zener on 
a monolithic substrate which nearly eliminates 
changes in voltage with temperature. The subsurface 
zener operates over a current range of 0.5mA to 10mA, 
and offers minimal noise and excellent long term 
stability. 


■ Precision voltage reference for multimeters 

■ Calibration equipment voltage standards 

■ Laboratory measurement equipment 

■ Industrial monitor/control instruments 

■ High accuracy data converters 


Ideal applications for the LM199/399 include digital 
voltmeters, precision calibration equipment, current 
sources and a variety of other precision low cost refer- 
ences. A 10 volt buffered reference application is 
shown below. 
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LM199/LM399 

LM199A/LM399A 


ABSOLUTE fflAXIfflUm fifiTIAGS PACKAGE/ORDER IAF ORmATlOA 

Temperature Stabilizer 40V 

Reverse Breakdown Current 20mA 

Forward Current 1mA 

Reference to Substrate Voltage V (RS ), (Note 1). -0.1V 
Operating Temperature Range 

LM199/199A -55°Cto 125°C 

LM399/399A 0°Cto70°C 

Storage Temperature Range 

LM199/199A -65°Cto 150°C 

LM399/399A -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 



ORDER PART NO. 

fj EM 

LM199H, LM199AH 


LM399H, LM399AH 

HPKG. 

TO-46 METAL CAN INSIDE THERMAL SHIELD 

LM 1 99AH-20, LM399AH-50 

•~[h] fl 

FUNCTIONAL BLOCK 
DIAGRAM 



TT 



ELECTRICAL CHARACTERISTICS (See Rote 2) 


SYMBOL 

PARAMETER 

CONDITIONS 

LM199/199A 

MIN TYP MAX 

LM399/399A 

MIN TYP MAX 

UNITS 

Vz 

Reverse Breakdown Voltage 

0.5mA < l R < 10mA 

• 

6.8 6.95 7.1 

6.75 6.95 7.3 

V 

AV Z 

Reverse Breakdown Voltage 

Change with Current 

0.5mA < l R < 10mA 

• 

6 9 

6 12 

mV 

rz 

Reverse Dynamic Impedance 

l R = 1mA (Note 5) (10<f< 100Hz) 

• 

0.5 1 

0.5 1.5 


AV Z 

A Temp 

Temperature Coefficient 

LM199/LM399 

— 55°C < T a < 85°C 
+85°C < T A < 125°C 

0°C < T a < 70°C 


0.3 1 

5 15 

0.3 2 

ppm/°C 

ppm/°C 

ppm/°C 

LM199A/LM399A 

— 55°C < T A < 85°C 
+85°C < T A < 125°C 

0°C < T A ^ 70°C 


0.2 0.5 

5 10 

0.3 1 

ppm/°C 

ppm/°C 

ppm/°C 

e n 

RMS Noise 

10Hz < f 10kHz 


7 20 

7 50 

mV 

AV Z 

Long Term Stability 

Stabilized, 22°C < T A < 28°C 

1000 Hours, l R = 1mA ±0.1% 


8 Note 3 

8 Note 3 

ppm/VkH~ 

A Time 

In 

Temperature Stabilizer 

Supply Current 

T a = +25°C, Still Air, V H = +30V 

T a = — 55°C (Note 4) 


8.5 14 

22 28 

8.5 15 

mA 

Vh 

Temperature Stabilizer Supply Voltage 


• 

9 40 

9 40 

V 


Warm-up Time to ±0.05% V z 

V H - 30V, T a - 25°C 


3 

3 

Seconds 


Initial Turn-on Current 

9V < V H < 40V, T a - 25°C, (See Note 4) 


140 200 

140 200 

mA 


The • denotes the specifications which apply over full operating 
temperature range. 

Note 1: The substrate is electrically connected to the negative 
terminal of the temperature stabilizer. The voltage that can be 
applied to either terminal of the reference is 40V more positive or 
0.1V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature 
stabilizer and -55°C < T A ^ 125°C for the LM199; and 0°C < T A 
< 70°C for the LM399. 


Note 3: Devices with maximum guaranteed long term stability of 
20 ppm/VkH are available. Drift decreases with time. 

Note 4: This initial current can be reduced by adding an appropriate 
resistor and capacitor to the heater circuit. See the performance 
characteristic graphs to determine values. 

Note 5: Guaranteed by “Reverse Breakdown Change with Current.” 
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NOISE (nV/VHz) INITIAL HEATER CURRENT (mA) REVERSE CURRENT (mA) 


LM199/LM399 

LM199A/LM399A 
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LM199/LM399 

LM199A/LM399A 


TYPICAL P€RFOftmnnC€ CHARACTERISTICS 


Long Term Reference Performance 
44 Units Tested 



2 4 6 8 10 12 

MONTHS 


Low Frequency Noise Voltage 











f IF 

“"T — 






0 50 100 150 200 250 

TIME (SEC.) 


TYPICRL RPPUCRTIOnS 


Single Supply Operation 


Split Supply Operation 


Negative Heater Supply with 
Positive Reference 


9V to 40V 




Standard Cell Replacement 
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LM199/LM399 

LM199A/LM399A 


scHcmnrric DinGimms 


Temperature Stabilizer Reference 



PflCKflG€ DCSCRIPTIOn 


H Package, 4 Lead 
TO-46 Metal Can 

0.209-0.219 , , 

(5.309 — 5.563) j \ 


0.178-0.195 
(4.521 -4.953) 


0.085-0.105 


0.500 

(12.70) 

MIN 


0.015 

(0.381) 

MAX 


t Tnnr 


(2 159-2.667) 

T~j 

0.025 


LJ 

0.016-0.019 / * 
(0.406-0.483) 

DIA 


(0.635) 

MAX 



Thermal Shield* 
For TO-46, H Package 


0.399-0.409 

(10.135-10.389) 


0.224-0.234 

(5.690-5.943) 


SEATING PLANE - 




0.400 

(10.160) 


UK 


I] 


1 


“Hi 


0.016-0.019 


(0.406-0.483) 


0.100 


DIA TYP 


(2.540) 


0.050 


(1.270) 


‘Thermal Shield Material is Valox™ 

Valox is a registered trademark of General Electric 


XTIBS3B 
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LT580/LT581 

Precision References 


FCATURCS 


D€SCRIPTIOA 


■ Direct Replacement for Present References 

■ Ultra Low Drift — 3ppm/°C Typ. 

■ Curvature Corrected 

■ Series or Shunt Operation 

■ Ultra High Line Rejection =y 2 ppm/V 

■ Low Output Impedance *0.0211 

■ Tight Initial Output Voltage 

■ 100% Noise Tested 


RPPUCATIORS 

■ A to D and D to A Converters 

■ Precision Regulators 

■ Constant Current Sources 

■ V to F Converters 

■ Bridge Excitation 


The LT580/LT581 are bandgap voltage references utilizing 
thin film technology and a greatly improved curvature 
correction technique. Wafer level trimming of both refer- 
ence and output voltage combines to produce units with 
high yields to very low TC and tight initial tolerance of out- 
put voltage. 

The LT580/LT581 can both sink and source up to 10mA 
and can be used in either the series or shunt mode. This 
allows the reference to be used for both positive and nega- 
tive output voltages without external components. Mini- 
mum input-output voltage is less than IV in the series 
mode, providing improved tolerance of low line conditions. 

For voltage references with improved specifications, 
please see the LT1019, LT1021, and LT1031 data sheets. 


Negative 10V Reference for CMOS DAC 



Output Voltage Drift 



XTlflSi 
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LT580/LT581 


absolute mnximum ratiags 


Input Voltage 40V 

Storage Temperature Range -65°Cto175°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Operating Temperature Range 

J, K, L, M Grades 0°Cto70°C 

S, T, U Grades -55°Cto125°C 


PACKAGE/ORDER IRFORRIATIOR 


BOTTOM VIEW 
y. INPUT 

[ 20] OUTPUT 

GROUND 

H PACKAGE 

TO-52 METAL CAN 

ORDER PART 
NUMBER 

LT580JH 

LT580KH 

LT580LH 

LT580MH 

LT580SH 

LT580TH 

LT580UH 

BOTTOM VIEW 

LT581JH 

yy INPUT 

LT581KH 

V^O^N\ 

LT581LH 

I 20] OUTPUT 

LT581SH 

V 3 J 

LT581TH 

\o/ 

LT581UH 

GROUND 


H PACKAGE 


TO-39 METAL CAN 



LT580 ELECTRICAL CHARACTERISTICS Vin = + 15V, T A =25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT580 

TYP 

MAX 

UNITS 

Vr 

Output Voltage 

LT580J 


2.425 

2.500 

2.575 

V 



LT580K, S 


2.475 

2.500 

2.525 

V 



LT580L, M,T, U 


2.490 

2.500 

2.510 

V 

TO 

Output Voltage Change 

LT580J (0°C to 70°C) 

• 



15 (85) 

mV(ppm/°C) 


Over Temperature in 

LT580K (0°Cto 70°C) 

• 



7 (40) 

mV (ppm/°C) 


mV and (ppm/°C) 

LT580L (0°C to 70°C) 

• 



4.3 (25) 

mV (ppm/°C) 



LT580M (0°C to 70°C) 

• 



1.75(10) 

mV (ppm/°C) 



LT580S ( - 55°C to + 125°C) 

• 



25 (55) 

mV(ppm/°C) 



LT580T ( - 55°C to + 1 25°C) 

• 



11 (25) 

mV(ppm/°C) 



LT580U ( - 55°C to + 125°C) 

• 



4.5 (10) 

mV (ppm/°C) 

AVqUT 

Line Regulation 

7V<V, n <30V LT580J, S 



0.5 

6 

mV 

AV,n 


LT580K 



0.5 

4 

mV 


LT580L, M, T, U 



0.5 

2 

mV 



4.5VsV| N <7V LT580J, S 



0.1 

3 

mV 



LT580K 



0.1 

2 

mV 



LT580L, M, T, U 



0.1 

1 

mV 

AVqUT 

Load Regulation (Sourcing) 

0 < Iout — ^ OmA 



1 

10 

mV 

AloUT 

Shunt Mode 

1.5mA<l S HUNT^10 m A 

i 


2 

10 

mV 

*Q 

Quiescent Current 




0.75 

1.5 

mA 

e n 

Output Noise (Note 1) 

0.1 Hz to 10Hz 


10 

(.Vp-p 


Output Voltage 

Per Month 



25 




Stability with Time 

Long Term 



250 


f*v 
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LT580/LT581 


LT581 ELECTRICAL CHARACTERISTICS Vin = + 15V, Ta = 25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT581 

TYP 

MAX 

UNITS 

V R 

Output Voltage 

LT581S, J 


9.970 

10.000 

10.030 

V 



LT581T, K 


9.990 

10.000 

10.010 

V 



LT581U, L 


9.995 

10.000 

10.005 

V 

TC 

Output Voltage 

LT581J (0°Cto 70°C) 

• 



13.5(30) 

mV(ppm/°C) 


Change, Maximum 

LT581K(0°Cto 70°C) 

• 



6.75(15) 

mV (ppm/°C) 


Deviation from 25°C 

LT581 L (0°C to 70°C) 

• 



2.25(5) 

mV(ppm/°C) 


in mV and (ppm/°C) 

LT581S ( — 55°C to +125°C) 

• 



30 (30) 

mV (ppm/°C) 



LT581T ( — 55°C to +125°C) 

• 



15 (15) 

mV (ppm/°C) 



LT581 U ( - 55°C to + 1 25°C) 

• 



10 (10) 

mV (ppm/°C) 

i— 

o 

> 

<1 

Line Regulation 

15V<V| N <30V 



0.5 

3 

mV 

AV| N 


13V<V, n <15V 



0.1 

1 

mV 

AVout 

Load Regulation (Sourcing) 

0<l O uT^5mA 



50 

500 

/iV/mA 

aIout 

Shunt Mode 

1mA<l SH uNT^5mA 



100 

500 

iuV/mA 

•q 

Quiescent Current 




0.75 

1.0 

mA 

e n 

Output Noise (Note 1) 

0.1Hz to 10Hz 


30 

/iVp-p 


Long Term Stability 

Non-Cumulative 


25 

ppm/kHr 

Isc 

Short Circuit 

Current 



30 

mA 

buT 

Output Current 

Sourcing 


10 

25 


mA 



Sourcing 

• 

5 



mA 



Sinking 

• 

5 



mA 


The • denotes the specifications which apply over the full operating Note 1: Although 0.1Hz to 10Hz noise is not a standard production test, 

temperature range. Linear Technology does 100% test 10Hz to 1kHz noise. Consult factory 

for details. 


TYPICAL APPLICATION 


High Current Precision Supply 


Suggested Output Trim 


Output Current Boost with Current Limit 



XTUDB5B 
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LT580/LT581 


TYPICAL APPLICATION 

Two-Terminal Negative Reference 



-15V 


12V Supply Connection 



*NOT REQUIRED ON LTC LT580 OR LT581 


Negative Series Reference 


Optional Trim Configuration 
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TECHNOLOGY Precision Voltage References 


F€ATUR€S 


DCSCRIPTIOR 


■ Trimmed Output ±0.3% 

■ Low Drift— 5ppm/°C Typical 

■ Low Noise— 3ppm (p-p) 

■ High Line Rejection 

■ Temperature Output— REF-02 

■ Low Supply Current 1 ,4mA Max. 

APPUCATIOAS 

■ A to D and D to A Converters 

■ Precision Regulators 

■ Constant Current Sources 

■ V to F Converters 

■ Bridge Excitation 


The REF-01 /REF-02 are precision 10V and 5V bandgap 
references which provide stable output voltages over a 
wide range of operating conditions. Output voltage is accu- 
rate to ±0.3% with a low 5ppm/°C typical temperature 
coefficient. The REF-01 and REF-02 are excellent choices 
for applications where low drift, moderate accuracy, low 
power consumption and low cost are considerations. 


The REF-02 includes a temperature output pin which pro- 
vides a linear voltage proportional to absolute temperature. 

For lower drift and higher accuracy references, please 
see the LT1019 and LT1021 data sheets. 



Ultra Linear Strain Gauge Amplifier 

Output Voltage Temperature 
Drift 


4- 15V R3 



\r no = dhiuuc io m/i l unuzu 

BY R2 AND R4. 

+A1 Vqs AND DRIFT ARE NOT CRITICAL. 


UWi 
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REF-01 /REF-02 


misolutc maximum annnGS 


REF-01/02, A, E, H 40V 

REF-01 C/02C 30V 

Power Dissipation 500mW 

Output Short Circuit Duration 

To Ground Indefinite 

ToVin<16V Indefinite 

ToVin>16V Not Allowed 

Storage Temperature -65°Cto150°C 

Operating Temperature 

REF-01 / 02, REF-01 A/02A - 55°C to 125°C 

REF-01 E/02E, REF-01H/02H, 

REF-01C/02C, REF-01D/02D 0°Cto70°C 


PRCKRG€/ORD€R IflFORmflTIOn 



TOP VIEW 


ORDER PART 


NC* 

JF!1 


NUMBER 

NG*C 


NC* 

L 

REF-01 AH 

REF-02AH 

INPUT (7 

( 

6) OUTPUT 

REF-01 H 

REF-02H 

TEMP**( 


r 

TRIM 

REF-01 EH 

REF-02EH 




REF-01 HH 

REF-02HH 


GND (CASE) 


REF-01CH 

REF-02CH 

METAL CAN H PACKAGE 


REF-02DH 

* INTERNALLY CONNECTED. DO NOT 



CONNECT EXTERNALLY. 




**D0 NOT CONNECT ON REF-01. 




TOP VIEW 


REF-01 EJ8 

REF-02EJ8 

nc*|T 


7|nc* 

REF-01 HJ8 

REF-02HJ8 

INPUT [7 


7]nc* 

REF-01 CJ8 

REF-02CJ8 

TEMP** [7 


6] OUTPUT 

REF-01 EN8 

REF-02DJ8 

gnd[7 


7] TRIM 

REF-01 HN8 

REF-02EN8 

PLASTIC DIP N8 PACKAGE 

REF-01 CN8 

REF-02HN8 

8 PIN HERMETIC DIP 


REF-02CN8 

‘INTERNALLY CONNECTED. DO NOT 
CONNECT EXTERNALLY. 


REF-02DN8 

**D0 NOT CONNECT ON REF-01. 




ELECTRICAL CHARACTERISTICS 

V|n= +15V, Ta= 25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

REF-01A/E 

REF-02A/E 

TYP 

MAX 

MIN 

REF-01 /H 
REF-02 /H 
TYP 

MAX 

UNITS 

Vo 

Output Voltage 

l L =0 

REF-01 

9.97 

10.00 

10.03 

9.95 

10.00 

10.05 

V 




REF-02 

4.985 

5.000 

5.015 

4.975 

5.000 

5.025 

V 


Output Adjustment 

R p =10kfi 

REF-01 

±3.0 

+ 5, -27 

— 

±3.0 

+ 5, -27 

— 

% 


Range 


REF-02 

±3.0 

+ 5, -13 

- 

±3.0 

+ 5, -13 

— 

% 

e np-p 

Output Voltage 

0.1Hz to 10Hz (Note 6) 

REF-01 

- 

20 

— 

- 

20 

— 

^Vp-P 


Noise 


REF-02 

— 

10 

— 

— 

10 

— 

A*V P-P 

V IN 

Input Voltage Range 


REF-01 

12 

— 

40 

12 

— 

40 

V 




REF-02 

7 

— 

40 

7 

— 

40 

V 

aV 0UT 

Line Regulation 

(V 0UT +3V)<V,n<33V 


- 

0.0001 

0.010 

- 

0.0001 

0.010 

%/M 

aV| N 

(Note 1) 










aV 0UT 

Load Regulation 

l L =0mA to 10mA 

REF-01 

— 

0.0005 

0.008 

— 

0.0005 

0.010 

%/mA 

ai out 

(Note 1) 


REF-02 

— 

0.0010 

0.010 

— 

0.001 

0.010 

%/mA 

Iq 

Quiescent Supply 

No Load 


— 

0.65 

1.4 

— 

0.65 

1.4 

mA 


Current 










■out 

Load Current 



10 

20 

- 

10 

20 

- 

mA 


Sink Current 



-0.3 

-20 

- 

-0.3 

-20 

- 

mA 

•sc 

Short Circuit 

v 0 =o 


_ 

25 

— 

— 

25 

_ 

mA 


Current 










v T 

Temperature Voltage 

(Note 2) 

REF-02 Only 

— 

620 

— 

— 

620 

— 

mV 


Output 
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REF-01 /REF-02 


EUCTRICAl CHRRACT6RISTICS 

V|n= + 15V, Ta = 25°C unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 



REF-01 C 
REF-02C 



REF-02D 


■ 

UNITS 





MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Vo 

Output Voltage 

< 

E 

o 

II 

REF-01 

9.90 

10.00 

10.10 




V 




REF-02 

4.950 

5.000 

5.050 

4.900 

5.000 

5.100 

V 


Output Adjustment 

r p = 1 okn 

REF-01 


+ 5, -27 

— 

— 

— 

— 

% 


Range 


REF-02 

±2.7 

+ 5, -13 

— 

±2.0 

+ 5, -13 

— 

% 

e np-p 

Output Voltage 

0.1Hz to 10Hz (Note 6) 

REF-01 


30 

- 




/<Vp-p 

Noise 


REF-02 

— 

12 

— 

— 

12 

— 

^Vp-p 

av out 

Line Regulation 

(V 0UT + 3V) < V| N < 33V 


— 

0.0001 

0.015 

— 

0.0001 

0.04 

%/v 

AV,n 

(Note 1) 





i 





av out 

Load Regulation 

l L = 0mA to 8mA 


— 

0.0005 

0.015 

— 

— 

— 

%/mA 

a *out 

(Note 1) 

l L = 0mA to 4mA 


— 

— 

— 

- 

0.001 

0.04 

%/mA 

•q 

Quiescent Supply 
Current 

No Load 

— 

0.65 

1.6 

i 

— 

0.65 

2.0 

mA 

•out 

Load Current 



8 

20 


8 

20 

- 

mA 


Sink Current 



-0.2 

20 


-0.2 

20 

- 

mA 

•sc 

Short Circuit 

Current 

o 

II 

o 

> 

— 

25 

— 

— 

25 

— 

mA 

v T 

Temperature Voltage 
Output 

(Note 2) 

REF-02 Only 

— 

620 

— 

— 

620 

— 

mV 


ClttTMCfll CHARACTERISTICS 

V|n=+15V, -55°C<Ta<± 125°C for REF-01A/02A and REF-01 /REF-02, 0 °C<Ta< + 70°C for REF-01E/02E and 
REF-01 H/02H, l|_=0mA unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

REF-01A/E 

REF-02A/E 

TYP 

MAX 

MIN 

REF-01 /H 
REF-02/H 
TYP 

MAX 

UNITS 

AM 

Output Voltage Change with 

0°C<T A < + 70°C 

• 

— 

0.02 

0.06 

— 

0.035 

0.17 

% 

AT 

Temperature 
(Notes 3 and 4) 

-55°C<T a < + 125°C 

• 

! 

— 

0.09 

0.15 

— 

0.144 

0.45 

% 

TC 

Output Voltage Temperature 
Coefficient 

(Note 5) 

• 

— 

5 

8.5 

— 

8 

25 

ppm/°C 


Change in V 0 Temperature 
Coefficient with Output 
Adjustment 

Rp = 10kO 

• 

i 

" 

0.5 


" 

0.5 


ppm/% 

AVqut 

Line Regulation 

0°C<T a < + 70°C 

• 

— 

0.0001 

0.012 

— 

0.0001 

0.012 

%/V 

AVin 

(Vin = 8V to 33V) (Note 1) 

-55°C<T a <+125°C 

• 

- 

0.0001 

0.015 

- 

0.0001 

0.015 ! 

%/V 

AV 0UT 

Load Regulation 

0°C<T a < +70°C 

• 

— 

0.002 

0.010 

_ 

0.002 

0.012 

%/mA 

a1 out 

(l L = 0mA to 8mA) (Note 1) 

-55°C<T a <+125°C 

• 

— 

0.002 

0.012 

— 

0.002 

0.015 

%/mA 


Temperature Voltage Output 
Temperature Coefficient 

(Note 2) REF-02 

• 

— 

2.1 

— 

— 

2.1 

— 

mV/°C 


The # denotes the specifications which apply over the full operating 
temperature range. 
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REF-01 /REF-02 


ELECTRICAL CHARACTERISTICS 


Vin= +15V, 0°C<Ta< + 70°C and lL = OmA unless otherwise noted 


SYMBOL 

PARAMETER 

CONDITIONS 

REF-01 C 
REF-02C 
MIN TYP 

MAX 

REF-02D 

MIN TYP 

MAX 

UNITS 

AM 

AT 

Output Voltage Change with 
Temperature 

(Notes 3 and 4) 

• 

— 

0.45 

— 

1.7 

% 

TC 

Output Voltage Temperature 
Coefficient 

(Note 5) 

• 

- 8 

65 

8 

250 

ppm/°C 


Change in V 0 Temperature 
Coefficient with Output 
Adjustment 

Rp= 10kQ 

• 

0.5 


0.5 


ppm/% 

av out 

AV| N 

Line Regulation 
(Note 1) 

V 1N = 8V to 30V 

• 

0.0001 

0.018 

- 0.0001 

0.05 

%/V 

av out 

a| out 

Load Regulation 
(Note 1) 

l L =0mA to 5mA 

• 

- 0.002 

0.018 

- 0.002 

0.05 

%/mA 


Temperature Voltage Output 
Temperature Coefficient 

(Note 2) REF-02 


2.1 

— 

- 2.1 

— 

mV/°C 


Note 1: Line and load regulation specifications include the effect of self 
heating. 

Note 2: Limit current in or out of pin 3 to 50nA and capacitance on pin 3 
to 30pF. 


Note 3: AM is defined as the absolute difference between the maximum 
output voltage and the minimum output voltage over the specified 
temperature range expressed as a percentage of nominal output. 


AM = 


V MAX~V^IN 

Vqut j 


x 100 


Note 4: AM specification applies trimmed or untrimmed. 

Note 5: TC is defined as AM divided by the temperature range, i.e., 

TC= f-^V 

'MAX - 'MIN 

Note 6: 0.1Hz to 10Hz noise cannot be 100% tested on modern high 
speed test equipment, so Linear Technology does not put a guaranteed 
maximum specification on this parameter for standard units. 100% 
bench testing of 0.1Hz to 10Hz noise is available on special request. To 
ensure low output noise, Linear Technology does 100% test 10Hz to 
1kHz noise. Consult factory for details. 


PACKRGE/DESCRIPTIOn 


Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


J8 Package 
8 Lead Hermetic DIP 


N8 Package 
8 Lead Plastic 



Tjmax 

*ia 

*ic 


Tjmax 

0ja 

150°C 

150°C/W 

45°C/W 


150°C 

100°C/W 


Tjmax 


100°C 

130°C/W 
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rrurrc/\B INDEX 


SECTION 4— VOLTAGE REGULATORS 

INDEX 4-2 

SELECTION GUIDE 4-3 

PROPRIETARY PRODUCTS 

L T1003, 5 Volt, 5 Amp Voltage Regulator 4-9 

L T 1 005, Logic Controlled Regulator 4-17 

LT1020, Micropower Regulator and Comparator 4-29 

L T1020CS, Micropower Regulator and Comparator 4-45 

L T1033, 3A Negative Adjustable Regulator 4-49 

LT1035, Logic Controlled Regulator 4-57 

L T 1 036, Logic Controlled Regulator 4-69 

LT1038, 10 Amp Positive Adjustable Voltage Regulator 4-77 

L T1083, 7. 5A Low Dropout Positive Adjustable Regulator 4-89 

LT1083-5, 7.5A Low Dropout Positive Fixed 5V Regulator 4-101 

L T 1 083- 1 2, 7. 5 A Low Dropout Positive Fixed 12V Regulator 4-101 

L T 1 084, 5A Low Dropout Positive Adjustable Regulator 4-89 

L T 1 084-5, 5A Low Dropout Positive Fixed 5 V Regulator 4-101 

LT1084-12, 5A Low Dropout Positive Fixed 12V Regulator 4-101 

L T1085, 3A Low Dropout Positive Adjustable Regulator 4-89 

LT1085-5,3A Low Dropout Positive Fixed 5V Regulator 4-101 

L T1085- 12, 3A Low Dropout Positive Fixed 12V Regulator 4-101 

L T 1 086, 1.5 A Low Dropout Positive Adjustable Regulator 4-113 

L T 1 086-5, 1 . 5A Low Dropout Positive Fixed 5V Regulator 4-113 

L T1086- 12, 1.5A Low Dropout Positive Fixed 12V Regulator 4-113 

L T 1 087 Adjustable Low Dropout Regulator with Kelvin- Sense Inputs 13-28 

LT1120, Micropower Regulator with Comparator and Shutdown 4-125 

ENHANCED AND SECOND SOURCE PRODUCTS 

LM1 1 7/LM317, Positive Adjustable Regulator 4-137 

LT117A/LT317A, Improved LM117 4-137 

LM 1 1 7HV/LM31 7HV, High Voltage Positive Adjustable Regulator 4-145 

LT117AHV/L T317AHV, Improved LM 11 7HV 4-145 

LM123/LM323, 5 Volt, 3 Amp Regulator 4-149 

LT123A/LT323A, Improved LM 123 4-149 

LM137/LM337, Negative Adjustable Regulator 4-157 

LT137A/LT337A, Improved LM137 4-157 

LM137HV/LM337HV, High Voltage Negative Adjustable Regulator 4-165 

LT137AHV/LT337AHV, Improved LM137HV 4-165 

LM 1 38/LM338, 5 Amp Positive Adjustable Regulator 4-169 

LT138A/LT338A, Improved LM138 4-169 

LM 1 50/LM350, 3 Amp Positive Adjustable Regulator 4-177 

LT150A/LT350A, Improved LM150 4-177 
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REGULATOR SELECTION GUIDE 



UM 

TECHNOLOGY 


MILITARY 


lo 

OUTPUT 

CURRENT 

(AMPS)* 

POSITIVE 

OR 

NEGATIVE 

OUTPUT* 

PART NUMBER 

PACKAGE 

TYPE 

V|N 

MAX 

(V) 

Vo 

NOMINAL REGULATED 
OUTPUT VOLTAGE 
(V) 

FEATURES/COMMENTS 

10.0 

Pos. Adj. 

LT1038MK 

Steel TO-3 

35 

1.2 to 33 

0.8% VoutToI., Plug In Compatible with 117, 150, 138. 

7.5 

Pos. Fixed 

LT1083MK-5 

Steel TO-3 

35 

5 

Low Dropout (1 .2V), 1 % Vout Tol. 



LT1083MK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1% VoutToI. 


Pos. Adj. 

LT1083MK 

Steel TO-3 

35 

1.2 to 34 

Low Dropout (1.2V), 1% VrefToI. Pin Compatible with 117, 150, 138 Types 

5.0 

Pos. Fixed 

LT1084MK-5 

Steel TO-3 

35 

5 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1084MK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1003MK 

Steel TO-3 

20 

5 

2% VoutToI. 


Pos. Adj. 

LT138AK LM138K 

Steel TO-3 

35 

1.2 to 33 

LT138A Has 1% VrefToI. 



LT1084MK 

Steel TO-3 

35 

1.2 to 34 

Low Dropout (1.2V), 1% VrefToI. Pin Compatible with 117, 150, 138 Types 


Switching 

LT1070MK 

Steel TO-3 

40 

* 

Self Contained PWM and 5 Amp Switch in a 5-Pin Package 



LT1070HVMK 

Steel TO-3 

60 

* 


3.0 

Pos. Fixed 

LT1085MK-5 

Steel TO-3 

35 

5 

Low Dropout (1.2V), 1 % VoutToI. 



LT1085MK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 



LT123AK LM123K 

Steel TO-3 

20 

5 

LT123A Has 1% VoutToI. 


Pos. Adj. 

LT150AK LM150K 

Steel TO-3 

35 

1.2 to 33 

LT150A Has 1% VrefToI. 



LT1085MK 

Steel TO-3 

35 

1.2 to 34 

Low Dropout (1.2V), 1% VrefToI. Pin Compatible with 117, 150 Types 


Neg. Adj. 

LT1033MK 

Steel TO-3 

40 

-1.2 to -37 

2% VrefToI. 


Dual Pos. Fixed 

LT1035MK 

Steel TO-3 

20 

Two 5V Outputs 

Logic Controlled Main Output Voltage, 75mA 


Positive 

LT1036MK 

Steel TO-3 

30 

12,5 

Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 

2.5 

Switching 

LT1071MK 

Steel TO-3 

40 

* 

Self Contained PWM and 2.5 Amp Switch in a 5-Pin Package 



LT1071HVMK 

Steel TO-3 

60 

* 


1.5 

Pos. Fixed 

LT1086MK-5 

Steel TO-3 

35 

5 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1086MK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1% VoutToI. 


Pos. Adj. 

LT1086MK 

Steel TO-3 

35 

1.2 to 34 

Low Dropout (1.2V), 1 % Vref Tol. Pin Compatible with 1 1 7 Types. 

0.5 to 1.5 

Pos. Adj. 

LT117AK LM117K 

Steel TO-3 

40 

1.2 to 37 

LT117A Has 1% Vref Tol. 



LT117AH LM117H 

TO-39 

40 




Neg. Adj. 

LT137AK LM137K 

Steel TO-3 

40 

-1.2 to -37 

LT137A Has 1% Vref Tol. 



LT137AH LM137H 

TO-39 

40 




Pos. Adj. 

LT117AHVK LM117HVK 

Steel TO-3 

60 

1.2 to 57 

LT117AHV Has 1% VrefToI. 


High Voltage 

LT117AHVH LM117HVH 

TO-39 

60 




Neg. Adj. 

LT137AHVK LM137HVK 

Steel TO-3 

50 

-1.2 to -47 

LT137AHV Has 1% Vref Tol. 


High Voltage 

LT137AHVH LM137HVH 

TO-39 

50 



1.25 

Switching 

LT1072MK 

Steel TO-3 

40 

* 

Self Contained 40kHz PWM and 1 .25 Amp Switch in a 5-Pin Package 



LT1072HVMK 

Steel TO-3 

60 

* 




LT1172MK 

Steel TO-3 

40 

* 

Self Contained 100kHz PWM and 1 .25 Amp Switch in a 5-Pin Package 



LT1172HVMK 

Steel TO-3 

60 

* 


1.0 

Dual Pos. Fixed 

LT1005MK 

Steel TO-3 

20 

Two 5 V Outputs 

Logic Controlled 1 Amp Main Output Voltage, 35mA Auxiliary Output 

125mA 

Positive 

LT1020MJ 

1 14 Pin CERDIP 

36 

4 to 30 

Dropout Voltage = 0.5V, 40/tA Iq, Reference and Comparator 

40mA to 

Switched 

LT1026MJ8 

CERDIP 

10 

** 

Voltage Converter, 10mA Output 

100mA 

Capacitor 

LT1026MH 

TO-5 Can 

10 

** 




LTC1044MJ8 

CERDIP 

9.5 


Voltage Converter, 40mA Output, 5kHz Switching Rate 



LTC1044MH 

TO-5 Can 

9.5 

* * 




LT1054MJ 

CERDIP 

16 

tj 

Voltage Converter and Regulator, 100mA Output, 25kHz Switching Rate 



LT1054MH 

TO-5 Can 

16 

tt 



* The lo values for the LT1070, LT1071 , LT1072, and LT1 172 are switch current values. Actual output current, voltage and polarity depends on the type of switching regulator employed. 
* * These devices are non-regulating converters. 

tt The available output voltage range is dependent upon the mode of operation selected. 
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COfflffl€RCmi 


to 

OUTPUT 

CURRENT 

(AMPS)* 

POSITIVE 

OR 

NEGATIVE 

OUTPUT* 

PART NUMBER 

PACKAGE 

TYPE 

Vin 

MAX 

(V) 

Vo 

NOMINAL REGULATED 
OUTPUT VOLTAGE 

00 

FEATURES/COMMENTS 

10.0 

Pos. Adj. 

LT1038CK 

Steel TO-3 

35 

1.2 to 33 

2% Vout Tol., Plug In Compatible with 317, 350, 338. 

7.5 

Pos. Fixed 

LT1083CK-5 

Steel TO-3 

35 

5 

Low Dropout (1.2V), 1% Vout Tol. 



LT1083CP-5 

Plastic TO-3P 

35 

5 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1083CK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1% Vout To!. 



LT1083CP-12 

Plastic TO-3P 

35 

12 

Low Dropout (1 .2V), 1 % Vout Tol. 


Pos. Adj. 

LT1083CK 

Steel TO-3 

30 

1.2 to 29 

Low Dropout (1.2V) Pin Compatible with 317, 350, 338 Types 



LT1083CP 

Plastic TO-3P 

30 

1.2 to 29 


5.0 

Pos. Fixed 

LT1003CK 

Steel TO-3 

20 

5 

2% Vout Tol. 



LT1084CK-5 

Steel TO-3 

35 

5 

Low Dropout (1 .2V), 1 % Vout Tol. 



LT1084CP-5 

Plastic TO-3P 

35 

5 

Low Dropout (1 .2V), 1 % Vout Tol. 



LT1084CK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1084CP-12 

Plastic TO-3P 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 


Pos. Adj. 

LT338AK LM338K 

Steel TO-3 

35 

1.2 to 33 

LT338A Has 1 % Vref Tol. 



LT1084CK 

Steel TO-3 

30 

1.2 to 29 

Low Dropout (1 .2 V) Pin Compatible with 317, 350, 338 Types 



LT1084CP 

Plastic TO-3P 

30 

1.2 to 29 

Low Dropout (1 .2V) Pin Compatible with 317, 350, 338 Types 


Switching 

LT1070CK 

Steel TO-3 

40 

* 

Self Contained PWM and 5 Amp Switch in a 5-Pin Package. 



LT1070CT 

TO-220 

40 

* 




LT1070HVCK 

Steel TO-3 

60 

* 




LT1070HVCT 

TO-220 

60 

* 


3.0 

Pos. Fixed 

LT323AK LM323K 

Steel TO-3 

20 

5 

LT323A Has 1% Vout Tol. 



LT323AT 

TO-220 

20 





LT1085CK-5 

Steel TO-3 

35 

5 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1085CT-5 

TO-220 

35 

5 

Low Dropout (1.2V), 1 %Vout Tol. 



LT1085CK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2 V), 1 % Vout Tol. 



LT1085CT-12 

TO-220 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 


Pos. Adj. 

LT350AK LM350K 

Steel TO-3 

35 

1.2 to 33 

LT350A Has 1% Vref Tol. 



LT350AT LM350T 

TO-220 

35 

1.2 to 33 




LT1085CK 

Steel TO-3 

30 

1.2 to 29 

Low Dropout (1.2V) Pin Compatible with 317, 350 Types 



LT1085CT 

Plastic TO-220 

30 

1.2 to 29 



Neg. Adj. 

LT1033CK 

Steel TO-3 

40 

-1.2 to -37 

2% Vref Tol. 



LT1033CT 

TO-220 

40 




Dual Pos. Fixed 

LT1035CK 

Steel TO-3 

20 

Two 5V Outputs 

Logic Controlled Main Output Voltage, 75mA Auxiliary Output 



LT1035CT 

TO-220 

20 




Positive 

LT1036CK 

Steel TO-3 

30 

12,5 

Logic Controlled 12V, 3A Output, 5V, 75mA Auxiliary Output 



LT1036CT 

TO-220 

30 

12,5 


2.5 

Switching 

LT1071CK 

Steel TO-3 

40 

* 

Self Contained PWM and 2.5 Amp Switch in a 5-Pin Package 



LT1071CT 

TO-220 

40 

* 




LT1071HVCK 

Steel TO-3 

60 

* 




LT1071HVCT 

TO-220 

60 

* 



Pos. Fixed 

LT1086CK-5 

Steel TO-3 

35 

5 

Low Dropout (1.2V), 1% Vout Tol. 



LT 1 086CT-5 

TO-220 

35 

5 

Low Dropout (1 .2V), 1 % Vout Tol. 



LT1086CK-12 

Steel TO-3 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 



LT1086CT-12 

TO-220 

35 

12 

Low Dropout (1.2V), 1 % Vout Tol. 

0.5 to 1.5 

Pos. Adj. 

LT317AK LM317K 

Steel TO-3 

40 

1.2 to 37 

LT317A Has 1% Vref Tol. 



LT317AH LM317H 

TO-39 

40 





LT317AT LM317T 

TO-220 

40 





LT1086CK 

Steel TO-3 

35 

1.2 to 34 

Low Dropout (1.2V), 1 % Vref Tol. 



LT1086CT 

TO-220 

35 

1.2 to 34 

Pin Compatible with 317 Types 


Neg. Adj. 

LT337AK LM337K 

Steel TO-3 

40 

-1.2 to -37 

LT337A Has 1% Vref Tol. 



LT337AH LM337H 

TO-39 

40 





LT337AT LM337H 

TO-220 

40 




Pos. Adj. 

LT317AHVK LM317HVK 

Steel TO-3 

60 

1.2 to 57 

LT317HV Has 1% Vref Tol. 


High Voltage 

LT317AHVH LM317HVH 

TO-39 

60 




Neg. Adj. 

LT337AHVK LM337HVK 

Steel TO-3 

50 

-1.2 to -47 

LT337HV Has 1% Vref Tol. 


High Voltage 

LT337AHVH LM337HVH 

TO-39 

50 
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commcRcim 


lo 

OUTPUT 

CURRENT 

(AMPS)* 

POSITIVE 

OR 

NEGATIVE 

OUTPUT* 

PART NUMBER 

PACKAGE 

TYPE 

Vin 

MAX 

(V) 

Vo 

NOMINAL REGULATED 
OUTPUT VOLTAGE 
(V) 

FEATURES/COMMENTS 

1.25 

Switching 

LT1072CK 

Steel TO-3 

40 

* 

Self Contained 40kHz PWM and 1.25 Amp Switch in a 5-Pin Package 



LT1072CT 

Plastic TO-220 

40 





LT1072HVCK 

Steel TO-3 

60 

* 




LT1072HVCT 

Plastic TO-220 

60 

* 




LT1072CN8 

8 Pin DIP 

40 

* 




LT1172CK 

Steel TO-3 

40 

* 

Self Contained 100kHz PWM and 1.25 Amp Switch in a 5-Pin Package 



LT1172CT 

Plastic TO-220 

40 

* 




LT1172HVCK 

Steel TO-3 

60 

* 




LT1172HVCT 

Plastic TO-220 

60 

* 




LT1172CN8 

Plastic 8 Pin DIP 

40 

* 


1.0 

Dual Pos. Fixed 

LT1005CK 

Steel TO-3 

20 

Two 5V Outputs 

Logic Controlled Main Output Voltage 



LT1005CT 

TO-220 

20 



125mA 

Positive 

LT1020CJ 

14 Pin CERDIP 

36 

4 to 30 

Dropout Voltage = 0.5V, 40^A Iq, Reference and Comparator 



LT1020CN 

14 Pin Plastic 

36 

4 to 30 




LT1020CS 

8 Pin Plastic SOL 

36 

4 to 30 




LT1120CJ8 

8 Pin CERDIP 

36 

4 to 30 

Dropout Voltage = 0.2V, 40A Iq, Reference, Comparator, Shutdown, 8 Pin Package 



LT1120CN8 

8 Pin Plastic DIP 

36 

4 to 30 




LT1120CH 

8 Pin TO-5 

36 

4 to 30 


40mA to 

Switched 

LT1026CJ8 

CERDIP 

10 

** 

Voltage Converter, 10mA Output 

100mA 

Capacitor 

LT1026CN8 

Plastic DIP 

10 

** 




LT1026CH 

TO-5 Can 

10 

** 




LTC1044CJ8 

CERDIP 

9.5 


Voltage Converter, 40mA Output, 5kHz Switching Rate 



LTC1044CN8 

Plastic DIP 

9.5 





LTC1044CH 

TO-5 Can 

9.5 





LTC1044CS8 

Plastic SO 

9.5 

** 




LT1054CJ8 

CERDIP 

16 

tt 

Voltage Converter and Regulator, 100mA Output, 25kHz Switching Rate 



LT1054CN8 

Plastic DIP 

16 

tt 




LT1054CH 

TO-5 Can 

16 

tt 




LT1054CS8 

Plastic SOL 

16 

tt 




* The lo values for the LT1070, LT1071, LT1072, and LT1172 are switch current values. Actual output current, voltage and polarity depends on the type of switching regulator employed. 
* * These devices are non-regulating converters. 

tt The available output voltage range is dependent upon the mode of operation selected. 


MILITARY 


COMMERCIAL 


FEATURES 


LT1070MK 

LT1070HVMK 

LT1070CK 

LT1070HVCK 

Current Mode 40kHz PWM with Self-Protected 5 Amp Switch on 
the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 

LT1071MK 

LT1071HVMK 

LT1071CK 

LT1071HVCK 

Current Mode 40kHz PWM with Self-Protected 2.5 Amp Switch on 
the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 

LT1072MK 

LT1072HVMK 

LT1072CK 

LT1072HVCK 

Current Mode 40kHz PWM with Self-Protected 1.25 Amp Switch on 
the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 

LT1172MK 

LT1172HVMK 

LT1172CK 

LT1172HVCK 

Current Mode 1 00kHz PWM with Self-Protected 1 .25 Amp Switch 
on the Same Chip, Capable of Operation in Boost, Buck-Boost, and 
CUK Converters. 


LT1070CT 

LT1070HVCT 

Current Mode 40kHz PWM with Self-Protected 5 Amp Switch on 
the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 


LT1071CT 

LT1071HVCT 

Current Mode 40kHz PWM with Self-Protected 2.5 Amp Switch on 
the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 


LT1072CT 

LT1072HVCT 

Current Mode 40kHz PWM with Self-Protected 1 .25 Amp Switch on 
the Same Chip, Capable of Operation in Flyback, Boost, Buck- 
Boost, and ’CUK Converters. 


LT1172CT 

LT1172HVCT 

Current Mode 100kHz PWM with Self-Protected 1.25 Amp Switch 
on the Same Chip, Capable of Operation in Boost, Buck-Boost, and 
CUK Converters. 


SWITCHING REGULATORS 


~rnr 

00 


XTIBS* 
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MILITARY 

COMMERCIAL 

FEATURES I 


SWITCHING REGULATORS 


W 


A AAA 


D 

ww 


LT1072 Current Mode 40kHz PWM with Self-Protected 1.25 Amp Switch on 

the Same Chip, Capable of Operation in Boost, Buck-Boost, and 
CUK Converters in an 8-pin miniDIP package. 

LT1172CN8 Current Mode 100kHz PWM with Self-Protected 1.25 Amp Switch 

on the Same Chip, Capable of Operation in Boost, Buck-Boost, and 
CUK Converters in an 8-pin miniDIP package. 


SWITCHED CAPACITOR CONVERTER/REGULATORS 


LT1026MH 


LT1026CH 


10mA Output 


1 1 
ulHHlll V\ 

QO 0 OQ x 

9 

LT1044MH 

LT1054MH 

LTC1044CH 

LT1054CH 

40mA Output, 5kHz Switching Rate 

100mA, 25kHz Switching Rate, Voltage Regulated Output 


A AAA 

LT1026MJ 

LT1026CJ8 

LT1026CN8 

LTC1044CJ8 

LTC1044CN8 

LT1054CJ8 

10mA Output 

40mA Output, 5kHz Switching Rate 

100mA Output, 25kHz Switching Rate 


D 

LTC1044MJ 


Ww 

LT1054MJ 

POSITIVE FIXED | 


LT1083MK-5 

LT1083CK-5 

5V, 7.5A Low Dropout 



LT1083MK-12 

LT1083CK-12 

12V, 7.5A Low Dropout 



LT1084MK-5 

LT1084CK-5 

5V, 5A Low Dropout 



LT1084MK-12 

LT1084CK-12 

12V, 5A Low Dropout 



LT1085MK-5 

LT1085CK-5 

5V, 3A Low Dropout 

.. .1.. I-., ( 

Q ' V 

o ° o 

) LT1085MK-12 

LT1085CK-12 

12V, 3A Low Dropout 

o 


LT1086MK-5 

LT1086CK-5 

5 V, 1.5A Low Dropout 



LT1086MK-12 

LT1086CK-12 

12V, 1.5A Low Dropout 



LT1003MK 

LT1003CK 

5V±2%,5Amp 



LT123AK 

LT323AK 

5V±1%,3Amp 



LM123K 

LT323K 

5V±3%,3Amp 



LT1005MK 

LT1005CK 

Dual Output Regulator with 5V 1 Amp Logic Switchable Output 
and Auxiliary 5V 

35mA Output 

1 1 

LT1035MK 

LT1035CK 

Dual Output Regulator with 5V 3 Amp Logic Switchable Output 

" UU ' 



and Auxiliary 5 

00 



75mA Output 


LT1036MK 

LT1036CK 

Dual Output Regulator with 12V 3 Amp Logic Switchable Output 
and Auxiliary 5 V 

75mA Output 


o 





-i-i-v 


LT1005CT 

LT1035CT 

LT1036CT 

Dual Output Regulator with 5V 1 Amp Logic Switchable Output 
and Auxiliary 5 V 

35mA Output 

Dual Output Regulator with 5 V 3 Amp Logic Switchable Output 
and Auxiliary 5V 

75mA Output 

Dual Output Regulator with 12V 3 Amp Logic Switchable Output 
and Auxiliary 5V 

75mA Output 

LT1083CP-5 

5V, 7.5A Low Dropout 

LT1083CP-12 

12V, 7.5A Low Dropout 

LT1084CP-5 

5V, 5A Low Dropout 

LT1084CP-12 

12V, 5A Low Dropout 

LT1003CP 

5V±2%,5Amp 

LT323AP 

5V±1%,3Amp 

LM323P 

5V±3%,3Amp 

LT1085CT-5 

5V, 3A Low Dropout 

LT1085CT-12 

12V, 3A Low Dropout 

LT1086CT-5 

5 V, 1.5A Low Dropout 

LT1086CT-12 

12V, 1.5A Low Dropout 

LT323AT 

5V±1%,3Amp 


cJI> 




, 

O 
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MILITARY 

COMMERCIAL 

FEATURES 

POSITIVE ADJUSTABLES | 

LT1038MK 

LT1038CK 

lOAmp 

-*?- o 

LT1083MK 

LT1084MK 

LT138AK 

LM138K 

LT1085MK 

LT150AK 

LM150K 

LT1086MK 

LM117AK 

LM117K 

LT117AHVK 

LM117AHVK 

LT1083CK 

LT1084CK 

LT338AK 

LM338K 

LT1085CK 

LT350AK 

LM350K 

LT1086CK 

LT317AK 

LM317K 

LT317AHVK 

LM317AHVK 

7.5 Amp Low Dropout 

5 Amp Low Dropout 

5Amp1% Reference 

5 Amp 

3 Amp Low Dropout 

3Amp1% Reference 

3 Amp 

1.5 Amp Low Dropout 

1.5 Amp 1% Reference 

1.5 Amp 

1.5 Amp 1 % Reference, Hi Voltage 

1.5 Amp, Hi Voltage 

mr (©) 

□ oo — 7 

LT117AH 

LM117H 

LM117AHVH 

LM117HVH 

LT317AH 

LM317H 

LT317AHVH 

LM317HVH 

0.5 Amp 1% Reference 

0.5 Amp 

0.5 Amp 1% Reference, Hi Voltage 

0.5 Amp, Hi Voltage 

Iihhid 
oo o oo 


LT1120CH 

LT1120CS 

Micropower, Ultra Low Dropout Regulator with 2.5V Independent 
Reference and Comparator, and Output Shutdown in 8 Pin 

Package 


r E r-t = 




LT1083CP 

LT1084CP 

LT338AP 

LM338P 

LT350AP 

LM350P 


7.5 Amp Low Dropout 
5 Amp Low Dropout 
5Amp1% Reference 
5 Amp 

3Amp1% Reference 
3 Amp 


A A A A AAA 


P 

wwvw 


LT1020MJ 


LT1020CJ 

LT1020CN 


Very Low Dropout Voltage, 40/iA Supply Current, 2.5 V Independent 
Reference, and Voltage Comparator on Same Chip. 


W 


AAAA 


P 

WW 


LT1120CJ8 Micropower, Ultra Low Dropout Regulator with 2.5V Independent 

LT 1 120CN8 Reference and Comparator, and Output Shutdown in 8 Pin 

Package 




LT1085CT 

LT350AT 

LM350T 

LT1086CT 

LT317AT 

LM317T 


3 Amp Low Dropout 
3Amp1% Reference 
3 Amp 

1.5 Amp Low Dropout 
1.5 Amp1% Reference 
1.5 Amp 


NEGATIVE ADJUSTABLES 


LT137AK LT337K 1 .5 Amp 1 % Reference 

LM137K LM337K 1.5 Amp 

LT137AHVK LT337AHVK 1.5Amp1% Reference, Hi Voltage 

LM137HVK LT337HVK 1.5 Amp, Hi Voltage 

LT1Q33MK LT1033CK 3 Amp 2% Reference 


n 

ODD 


© 


LT137AH LT337AH 0.5 Amp 1 % Reference 

LM137H LM337H 0.5 Amp 

LT137AHVH LT337AHVH 0.5 Amp 1 % Reference, Hi Voltage 

LM137HVH LM337HVH 0.5 Amp, Hi Voltage 




VJ 

F" " 

i * 


LT1033CP 


3 Amp 2% Reference 


c=0- 


LT337AT 

LM337T 

LT1033CT 


1.5 Amp1% Reference 
1.5 Amp 

3 Amp 2% Reference 



XTUDS® 
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LT 1 003 


/TLirm 

TECHNOLOGY 


F€fVTUR€S 

■ Guaranteed 2% Initial Tolerance of output voltage 

■ 5 Amp Output Current 

■ 40 Watt Capability 

■ Full Internal Overload Protection 

■ 100% Burn-in in Thermal Limit 


APPUCOTIOflS 

■ Local 5V Regulators 

■ On Card Regulation 

■ Lab Supplies 

■ Instrumentation Supplies 


5 Volt, 5 Amp 
Voltage Regulator 

DCSCMPTIOn 

The LT1003 is a 5 amp version of the popular LM123 
5V regulator. In addition to higher output current, it of- 
fers improved line regulation and an initial output volt- 
age tolerance of ± 2%. These tightened specifications 
ease design and application problems several ways: 
safety margin is improved, error budgets on other 
parts of the system are expanded, and output voltage 
loss due to long supply runs can be better tolerated. 

The LT1003 incorporates Linear Technology’s ad- 
vanced design, process and test techniques for im- 
proved quality and reliability over similar device 
types. Specifically, all devices are burned in by short- 
ing the outputs, thereby forcing the regulator into its 
current limit and eventually, thermal limit mode. This 
ensures that all device protection features are 
working. 


Standard 5 Volt Regulator Load Regulation * 




0 1 2 3 4 5 

OUTPUT CURRENT (AMPS) 


* The LT 1003 has load compensation to cancel the effects of voltage 
loss in the output lead. This results in a nominal “zero” load regulation. 
The shaded band shows typical production spread. 


msst 
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LT1003 


absolute maximum rrtirgs 

Input Voltage 20 Volts 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 

LT1003M — 55°Cto 150°C 

LT1003C 0°Cto 125°C 

Storage Temperature Range 

LT1003M — 65°CtO 150°C 

LT1003C — 65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE /order inFORmarion 



PRECORDITIOAIRG 

100% Burn-In in Thermal Limit 


ELECTRICAL CHARACTERISTICS (See Rote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1003M 

MIN TYP MAX 

LT1003C 

MIN TYP MAX 

UNITS 

VoUT 

Output Voltage 

T| = 25°C, V 1M - 7.5V, Iout - 0 


4.9 5.0 5.1 

4.9 5.0 5.1 

V 

7.5V < V| N < 15V 

0 < Iout < 5A, P *£ 30W 

• 

4.8 5.2 

4.8 5.2 

V 

AV °UT 

av in 

Line Regulation 

T. = 25°C, 7.5V ^ V, N < 15V 
(See Note 1) 


5 15 

5 15 

mV 

AYayi, 

AIout 

Load Regulation 

T, = 25°C, V| N = 7.5V 

0 < Iout < 5 A (See Note 1) 


25 100 

25 100 

mV 


Thermal Regulation 

Tj = 25°C, 20 msec pulse 


0.005 0.02 

0.005 0.02 

%/W 

Iq 

Quiescent Current 

7.5 V < V| N < 15V, 0 < l 0UT < 5A 


12 20 

12 20 

mA 

e n 

Output Noise Voltage 

T| = 25°C, 10Hz < f < 100kHz 


40 

40 

M^rms 

•sc 

: 

Short Circuit 

Current Limit 

Tj = 25°C, 

V,n = 15V 

V IN = 7.5 V 


5 8 

7 9 

5 8 

7 9 

A 

A 


Long Term Stability of Output 
Voltage 



35 

35 

mV 

0JC 

Thermal Resistance Junction to 
Case 

K Package 


1 1.5 

1 1.5 

°C/W 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width < 1msec and duty cycle < 5%. 
Note 2: T min = -55°C for the LT1003MK and 0°C for LT1003CK. 
T m ax - 150°C for LT1003MK and 125°C for LT1003CK. 
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LT1003 


TYPICAL P€RFORmnnC€ CHRRACTCRISTICS 


Minimum Input-Output 
Voltage Differential 



0 1 2 3 4 5 

OUTPUT CURRENT (AMPS) 


Output Voltage Temperature Drift 



-50-25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Output Impedance 



Suggested Heat Sink 
Thermal Resistance (LT1003C) 



0 5 10 15 20 25 30 35 40 

POWER DISSIPATION (WATTS) 


Peak Available Output Current 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

2 4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (VOLTS) 



Suggested Heat Sink 
Thermal Resistance (LT1003M) 



0 5 10 15 20 25 30 35 40 

POWER DISSIPATION (WATTS) 



Output Noise Voltage 



100 Ik 10k 100k 

BANDWIDTH (Hz) 1 POLE ROLLOFF 


Ripple Rejection 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Line Transient Response 



XTUD9I 
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LT1003 


typical PCRFonmnncc charactcristics 


Load Transient Response 



TIME (/ts) 



0 4 8 12 16 20 

INPUT VOLTAGE (V) 


TYPICAL RPPLICRTIORS 


Adjustable Regulator 0-10V @ 5A 



*R6 = 

Cl = 


V- 
12 mA 

OPTIONAL — IMPROVES RIPPLE REJECTION, NOISE AND TRANSIENT RESPONSE 
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LT1003 


TYPICAL APPLICATION 


Crowbar Protectionft 


D1 




* THE 6.4V ZENER IS INTERNAL TO THE LT1003. 

* * 0 1 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 

OF 8A IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 


t 02 MUST WITHSTAND LARGE SURGE CURRENTS UNTIL THE 
8A FUSE BLOWS. PEAK SURGE CURRENT IS LIMITED ONLY 
BY FUSE, WIRING, AND FILTER CAP RESISTANCE. 

tt TRIP POINT IS APPROXIMATELY 7.3V. 


Bypass Capacitors 

The LT1003 does not require an output capacitor for 
resistive loads. For almost all applications, however, a 
VF or larger solid tantalum capacitor is used on the 
output within 2" of the regulator. This greatly improves 
the output impedance of the regulator at high frequen- 
cies. For critical applications where very low imped- 
ance is required at high frequencies, a 10^F solid 
tantalum output capacitor is recommended. Total out- 
put capacitance may be increased without limit, either 
local or distributed. 

A 2/l(F or larger input capacitor (solid tantalum) must 
be added if the regulator is more than 4" away from the 
large filter capacitor in the input supply. A 25^F alumi- 
num capacitor may be substituted for the tantalum 
unit. 

Avoiding Ground Loops 

For best regulation, the ground pin of the LT1003 
should be tied directly to the load point as shown be- 
low. This prevents excess drop in load voltage caused 
by load current flowing through the ground return 
lead. This is essentially a Kelvin connection for the 


low side of the regulator. A Kelvin connection cannot 
be made for the high output of the regulator because 
only three pins are available on the package. There- 
fore, every attempt should be made to minimize the re- 
sistance between the output pin of the regulator and 
the load. #18 gauge hookup wire has a resistance of 
0.006 ohms per foot. This translates to 0.6% change 
in load voltage at full load current. The LT1003 is 
specified at 2% maximum load regulation, so one foot 
of wire represents a significant loss of regulation. If 
connectors are used, careful consideration must be 
given to contact resistance, especially if the connector 
is subjected to nasty ambients, vibration, or multiple 
insertions. 


KEEP THIS RESISTANCE LOW 
(«s0. 005ft) 



XTUDBt 
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LT 1 003 


TVPICAl APPUCOTIOnS 


Raw Supply 

Transformer, diode, and capacitor selection for the 
raw supply to the LT 1003 is very important because of 
the conflicting requirements for reliability, efficiency, 
and resistance to “brown-out” conditions. High sec- 
ondary voltage on the transformer will cause unneces- 
sarily high power dissipation in the regulator. Too low 
a secondary voltage will cause the regulator output to 
drop out of regulation with only a small reduction in 
AC mains voltage. The following formula gives a good 
starting point for transformer selection. This formula 
assumes a full-wave center tapped transformer, using 
two rectifier diodes. 


V RMS = ^ Vout + V do + V R ect + V RIP ) j ('V^.j (lr) 

(secondary, 
each side) 

Irms = Oout) (1-2) 


where: 

Vout =5V 

Vdo - Minimum input-output differential of the 
regulator 


*1.1 is a nominal load regulation factor for the 
transformer 


Vrect = Rectifier forward drop at 3I 0 ut 
Vrip = Vz p-p capacitor ripple voltage 

w _ (5.3 X 1(T 3 ) (l 0UT ) 

V R ip 2C 

Vnom = Rated line voltage for the transformer 
(RMS) 

V L ow = Lowest expected line voltage (RMS) 
Iout = DC output current 


Example: I 0U t = 4A, Vout = 5V 
Assume: V D0 = 2.5V, V REC t = 1.1V, C = 12,000 M F 
Vnom = 115V, V L0W = 105V 


(5.3 X 10~ 3 ) (4) 
2 (12 X 10“ 3 ) 


= 0.88V 


( 5 + 2.5+ 1.1 + 0.88^ ( 115 \ 

'l Vi ) l 105 / ' ' 

= 8.08 V RMS 


The filter capacitor should be at least 2000^F per amp 
of load current to minimize capacitor heating and rip- 
ple voltage. The diodes should be rated at 8-10 amps 
even though their average current is only 2.5A at full 
rated load current. The reason for this is that although 
the average current is 2.5A, the RMS current is typi- 
cally twice this value. In addition, the diode must with- 
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis- 
tance and inductance. 
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LT 1 003 



PACKAG€ DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

K Package TO-3 STEEL Metal Can 


(8.255-8.890) 


(10.668-12.192) 


0.760-0.775 


(19.304-19.685) 

0.116 

(2.946) 

MAX 


— ih- 



Tj max. 

0ja 

% 

LT1003MK 

150°C 

35°C/W 

1.5°C/W 

LT1003CK 

125°C 

35°C/W 

1.5°C/W 


(0.965-1.092) 



2 MOUNTING HOLES 
0.151-0.161 


(10.795-11.049) 


(12.446-12.954) 


XTUD9i 
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XTurm 

TECHNOLOGY 


F€flTUR€S 

■ Two Regulated Outputs 

+5Vat 1 amp 
+5Vat35mA 

■ 2% Output Voltage Tolerance 

■ 66 dB Ripple Rejection 

■ 0.5% Load Regulation 

■ TTL and CMOS Compatible Logic Control 

■ 100% Thermal Burn-in On All Devices 


flppucOTions 

■ Power Supply Sequencing 

■ Remote On/Off Power Control 

■ Selective System Power During Emergency Power 
Operation 

■ Memory Power Supply With Back-Up 


LT 1 005M/LT 1 Q05C 
Logic Controlled Regulator 


DCSCRIPTIOn 

The LT1005 features two positive 5 volt regulators in 
the same package. The main regulator offers excellent 
performance while supplying load currents up to 1 
amp, and the auxiliary regulator provides similar per- 
formance while supplying lighter loads of 35mA. The 
main regulator has the additional feature of being un- 
der the shutdown control of a logic signal. When the 
enable pin is taken to a low logic level, the main regu- 
lator shuts down and its output voltage goes to near 
zero volts. During this command, the auxiliary output 
is unaffected by the main regulator’s condition and 
continues to provide a 5 volt output. 

The main output has current and power limiting com- 
bined with thermal shutdown to make it virtually blow- 
out proof. The auxiliary output is not affected by the 
thermal shutdown mechanism or the state of the main 
output, allowing it to be used as a back-up in case of 
overloads or shorts on the main supply. 

The logic input of the LT1005 (enable pin) has a 1.6V 
threshold and can be driven from a high source imped- 
ance. This allows it to be driven by most logic families, 
including TTL & CMOS. 


Functional Diagram 



Switching Characteristics 


1 

I— 



0 1 2 3 4 5 6 

TIME Lsec) 


XTUPS® 
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LT 1 0Q5M/LT 1 005C 


absolute mnximum ratiags 

Power Dissipation Internally Limited 

Input Voltage (V| N ) 20V 

Enable Voltage (V EN ) 20V 

Operating Junction Temperature 

LT1005M — 55°Cto 150°C 

LT1005C 0°Cto 125°C 

Storage — 65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRECOADITIOAIAG: 

100% Burn-in in thermal limit 


PACKAGE/ORDER lAFORAIRTlOA 



ELECTRICAL CHARACTERISTICS — mAIA REGULATOR (See Rote 1) 







LT1005M 



LT1005C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vo 

Output Voltage 

Tj = 25°C 


4.9 

5.0 

5.1 

4.9 

5.0 

5.1 

V 


High 

7.4V < V, N < 20V 

P d < 10W 

0mA < l 0 ^ 1A 

• 

4.8 

5.0 

5.2 

4.8 

5.0 

5.2 

V 



7.2 V ^ Vin ^ 20V 










Low 

lo = 0 

• 


0.1 

0.3 


0.1 

0.3 

V 

AV 0 

Load Regulation 

7.5V < V 1N < 15V 









Alo 


0mA ^ l 0 < 1A (Note 2) 

• 


5 

25 


5 

25 

mV 

AV 0 

Line Regulation 

7.4V < V 1N < 20V 



0.3 

2 


0.3 

2 

mV/V 

av, n 


(Note 2) 










Ripple Rejection 

50Hz < f < 500Hz 


66 | 

! 66 | 

dB 


Thermal Regulation 

AP d = 10W (Note 4) 



0.005 

0.02 


0.005 

0.02 

%/W 

•o 

Available Load Current 

7.4V < V, N < 15V 


1 

1.7 


1 

1.7 


A 



V, N = 20V 


0.7 

1.3 


0.7 

1.0 


A 

•sc 

Short Circuit Current 

7.0V < V, N < 15V 



1.5 

2.5 


1.5 

2.5 

A 



£ 

CM 

II 

z 

> 



1.2 

2.0 


1.2 

2.0 

A 

V,N 

Minimum Input Voltage to Maintain 

(Note 5) 










Regulation 

l 0 = 0.2A 

• 

7.0 

6.5 


6.9 

6.5 


V 



l 0 = 1.0A 


7.5 

7.0 


7.5 

7.0 


V 

•q 

Quiescent Current 

Output High 



2 

4 


2 

4 

mA 



Output Low 



1.5 

3 


1.5 

4 

mA 

®JC 

Thermal Resistance 

T0-3 



3 

4 


3 

4 

°C/W 


Junction to Case 

T0-220 






3 

5 

°C/W 
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LT 1 005M/LT 1 005C 


ELECTRICAL CHARACTERISTICS — AUXILIARY REGULATOR 
(See Aote 1) 







LT1005M 



LT1005C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V 0 

Output Voltage 

Tj = 25°C 


4.9 

5.0 

5.1 

4.9 

5.0 

5.1 

V 

; 


7.0V < V, N < 20V 

OmA < l 0 < 35mA 

• 

4.8 

5.0 

5.2 

4.8 

5.0 

5.2 

V 

AVq 

Alo 

Load Regulation 

7.0V < V, N < 20V 

OmA l 0 < 35mA 
(Note 2) 

• 


5 



5 

15 

mV 

AV 0 

Line Regulation 

7.0V < V, N < 20V 



0.2 

1 


0.2 

1 

mV/V 

AV,n 


(Note 2) 




1 






Ripple Rejection 

50Hz < f < 500Hz 


74 i 

1 74 1 

dB 

•sc 

Short Circuit Current 

7.0V < V, N < 20V 



90 

150 


90 

150 

mA 

V|N 

Minimum Input Voltage to Maintain 

(Note 5) 










Regulation 

l 0 = 1mA 

• 

6.5 

6.1 


6.5 

6.1 


V 



l 0 = 35mA 

• 

6.9 

6.5 


6.9 

6.5 


V 


ELECTRICAL CHARACTERISTICS — LOGIC COATROL (See Rote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1005M 

MIN TYP MAX 

LT1005C 

MIN TYP MAX 

UNITS 

Ven 

Enable Threshold Voltage 

7.0 V < V| N < 20V 

Tj = 25°C 

• 

1.45 1.6 1.75 

1.3 1.6 1.85 

1.45 1.6 1.75 

1.3 1.6 1.85 

> > 


Enable Pin Current 

V EN < IV 
(See Note 3) 


0 150 

0 150 

mA 

V EN > 2.4V 


0 1 

0 1 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise indicated, these specifications apply for 
V, N - 10V, l 0 - 0mA, and Tj = 25°C. 

Note 2: Line and load regulation are measured using a low duty cycle 
pulse, causing little change in the junction temperature. Effects due 
to thermal gradients and device heating must be taken into account 
separately. 


Note 3: When the enable pin is at a low logic level, current flows out 
of the enable pin. 

Note 4: Pulse length for this measurement is 20msec. 

Note 5: Input Voltage is reduced until output drops by lOOmV from its 
initial value. 


u\m 
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LT 1 005M/LT 1 005C 

TYPICAL P€AFORmnnC€ CHARACTERISTICS 


Minimum Input-Output Differential 
of Main Output 



0 .2 .4 .6 .8 1.0 


Minimum Input-Output 
Differential of Auxiliary Output 



Maximum Available 



-50 -25 0 25 50 75 100 125 150 


OUTPUT CURRENT (A) 


OUTPUT CURRENT (mA) 


JUNCTION TEMPERATURE (°C) 


Short Circuit Output Current 



6 8 10 12 14 16 18 20 


Load Transient Response 
of Main Output 



— _ 


— 

COUT = 1 

0 m F 












x 


COUT - V 

_ 




/ 




20( 

mA 

□ 

a!q = 

50mA 









0 2 4 6 


Line Transient Response 
of Main Output 



\ 


— 

Com - 

10 M F 













,/ 

\ COUT - 

VF 



y 





V 




aVin - IV 

n 









0 4 8 12 


INPUT VOLTAGE (V) 


TIME („sec) 


TIME ( M sec) 


Output Voltage as Function 
of Temperature 



-50 -25 0 25 50 75 100 125 150 


Ripple Rejection 









V'lN 

lOUT 

= 10V II 1111 

= 200mA| 







k 


r 










W 










r 










> 

JJI 







Coi 

II 

5u 

jllL 

m 








ITT 

Cc 

Lili 

tlttl 
)UT - 
Hill 

ioTf 

LLillll 


10 100 Ik 10k 100k 



100 Ik 10k 100k 1M 


TEMPERATURE (°C) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 
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LT 1 005M/LT 1 005C 


TYPICAL PCAFOAflMinCC CHARACTERISTICS 


Enable Pin Characteristics 

o 

1 025 

1 -0.50 

I -0.75 
o 

- 1.0 

0V 1.3 1.4 1.5 1.6 1.7 1.8 1.9 20V 

VOLTAGE (VOLTS) 



Enable Threshold 


s 

i 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Switching Characteristics 



TIME („sec) 


Output Characteristics 
in Low State 



0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE (V) 


Output Noise 



100 300 Ik 3k 10k 30k 

BANDWIDTH (1 POLE) 



XTUDSSB 
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LT 1 005M/LT 1 005C 


Appucfliions inroftm nrion 

General Information 

The LT1005 is a dual output 5V regulator. The main 
output is capable of delivering up to 1 amp of load cur- 
rent and can be shut down with a logic signal. The 
auxiliary output supplies a minimum of 35mA and is 
unaffected by the logic signal. The outputs are 
trimmed to ± 2% initial tolerance and exhibit excellent 
line and load regulation. 

The logic control feature makes the LT1005 ideal for 
many system applications where it is desirable to 
power up a portion of the system for a period of time 
and then power the system down during a standby op- 
eration. As an example, the LT1005 could be used to 
activate various memory space locations only as 
needed, thus saving substantial power dissipation 
and other cooling costs. The LT1005 could also be 
used to power micro-computers, such as the 8048 se- 
ries. The auxiliary supply can be used for RAM keep- 
alive during power down operation. Additional power 
savings can be accomplished by using the LT 1005 to 
power PROM, EPROM, and E 2 PR0M devices. During 
program load, or look-up table operations the ROM 
type device can be activated and its’ contents placed 
in RAM, and then the ROM power can be removed. Or 
for high speed but low power data acquisition sys- 
tems, the power could be applied to fast memory, then 
the data transferred to CMOS memory. The main regu- 
lator can then be shutdown and the CMOS memory 
can be powered by the auxiliary for lower power dissi- 
pation. Other applications, such as multiple power 
supply sequencing, elimination of expensive AC and 
DC power switches, delayed start applications, 
switching 5V DC loads, and many others are now easi- 
ly accomplished. 

Timing functions can also be performed directly at the 
enable pin, such as delayed power-up or power-down. 

Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysterisis or latching functions. 

The low quiescent current drain of the LT1005 makes 
it useful in battery powered or battery back-up appli- 


cations. The enable pin can be used as a “low bat- 
tery” detector or to shut down major portions of 
system power, allowing memory portions to continue 
to operate from the auxiliary output. At low output cur- 
rents, the auxiliary output will regulate with input volt- 
age typically as low as 6.1V, giving maximum battery 
life. 


Good design practice with all regulators is to bypass 
the input and output terminals. A VF solid tantalum at 
the input and at both outputs is suggested. For the ap- 
plications which follow, the bypass capacitors are still 
recommended, but are not shown on the diagram for 
simplicity. It is also recommended that for maximum 
noise immunity, the voltage enable pin be tied high if it 
is unused. It can be tied directly to Vm as shown in 
Figure 1, or to the auxiliary output. If the enable pin is 
left open, it will float to a high logic level of approxi- 
mately 1.6V and the main output regulator will be at 
5V. 

Figure 1. 


Vin 



+ 5V 

+5V 


The enable pin is fully protected against input volt- 
ages up to 20 volts, even if the power input voltage is 
zero. 

The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which is tied to Vaux as shown in Figure 2. 

Figure 2. 








LT 1 005M/LT 1 005C 


Driving the Enable Pin 

The enable pin equivalent schematic is shown in Fig. 3. 
Basically, enable pin current is zero above the threshold, 
and between 2 and 70^A below the threshold, flowing out 
of the pin. Standard logic, such as TTL & CMOS will inter- 
face directly to the enable pin, even if the logic output 
swing is higher than the input voltage (Vin ) to the 
regulator. 15V CMOS can be used to drive the enable pin 
even if the regulator is not powered up, without loading 
the CMOS output. 


Figure 3. 


| jo| 2-70 M A 

-MV - H + N - ENABLE 


Timing functions, such as delayed power-up or power- 
down can be implemented by driving the enable pin 
with an RC network. The current flowing out of the en- 
able pin should not be used as the timing current in 
delayed power up applications, as it is temperature 
sensitive and varies somewhat from device to device. 
Instead, a resistor tied to the auxiliary output, the in- 
put, or to a logic signal should be used. The timing re- 
sistor chosen should provide at least 500^A of current 
to “swamp-out” the effects of the internal current. 


15V. If Vin is 20V, the output during shutdown will be ap- 
proximately 0.2V due to an internal current path in the 
regulator (see Figure 4). 


Figure 4. 


Output Characteristics 
in Low State 
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The user should note that the output in the low state 
can only sink about 0.5mA. If current is forced into the 
output, the output voltage will rise to 0.8V at 1mA and 
above IV at 10mA. With no output capacitor, the rise 
time of the main output is about 1.5^s. With an output 
capacitor, rise time is limited by the short circuit cur- 
rent of the LT1005 and the load capacitance; 
t r » (C) (5V)/(1.5A). A VF output capacitor slows the 
output rise time to approximately 3*is and a 10/nF out- 
put capacitor slows the output rise time to 30 ms. 


Main Output Current/Voltage Characteristics 

Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately Vsec. With no capacitive load, the 
output will fall to zero in approximately 0.5/iSec (R L = 
5-IOOn). With a capacitive load, fall time is limited by 
the RC product of the load and the output capacitance. 
For light loads (R L > 10012), the discharge time is 
controlled by an internal equivalent load of 20012 for 
output voltages down to 1 volt. Below 1 volt, the output 
decays linearly, with a slope equivalent to the load ca- 
pacitance and a pull down current of approximately 
0.5mA. The DC output voltage in the shutdown mode 
is approximately 0.1 volt for input voltages (V| N ) up to 


Output Current 

The main output current limits at about 1.7A for input 
voltages below 19V. Internal foldback, or “power limit- 
ing” circuitry detects the input-output voltage differ- 
ential and reduces current limit for input to output 
voltages exceeding 14V. With 20V input, for instance, 
short circuit current is reduced to » 1.1 A. 

An additional feature of the LT1005 is that the auxil- 
iary supply does not incorporate nor is it affected by 
thermal shutdown. Any fault condition of the main 
regulator will not affect the auxiliary output voltage. 

The following applications circuits will serve to indi- 
cate the versatility of the LT 1005. 


u\m 
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LT 1 005 M/LT 1 005 C 


TYPICAL APPUCflTIOnS 


First-On, Last-Off Sequencing 


First-On, First-Off Sequencing 


IT1005 

& "MVM" 

EN m AUX 


m m — f- +5v v w - 

mm 

m ^0 m —h + 5 v 


14 GUT 

LT1005 
“FIRST or 

EM GNO AUX 


in m-+ + 

m gno + 


T 0 n (1) = 50ms 
Ton (2) = 150ms 


50/xF ^ Ik 


Ton (1) - 100ms 
^ (2) - 200ms 


Power Supply Turn-On Sequencing 


Fast Turn-Off, Delayed Turn-On 


vin — * — » m 

' IT 1005 

I 81 Gm *UX 


m out 

IT1005 

m m w 


v w — w OUT 

crioos 

i-r- » 8 ND 


♦CAN BE ANY GATE TYPE 


t2 = ti + 0.4 R2 C2 


+ -L „ R 1 

-p Ci 15k 

-=• To- « 0.3 Rl 


Thermal Cutoff at High Ambient Temperature 


Latch-Off for V 0UT < 4.7V 



Vw OUT 

moos 

| EN m AUC 


* YELLOW SPRINGS #44008, 30k it @ 25°C 
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LT 1 005M/LT 1 005C 


TYPICAL APPLICATION 


Proportional Motor Speed Controller 


High Input Voltage Detection 



TRANSFORMER AND 
RECTIFIER SET 
Vmm - 9V DC NOMINAL 


i Rl 

> 7.5k 


IN4148 


*2 

3.6k 


# out 

:>:i ittoos S 

Ml 


J l 

2N3906 


■K2N3906 

1_ 


• +5V 


Vshutoff(WPUT) 

•(«) (^r) 


OUTPUT SHUTS OFF WHEN 1 10V AC TRANSFORMER 
IS OVER VOLTAGED TO 220 VAC. 


Opto-Coupled Output Control 


Push-On, Push-Off 


VlN - 


it,.- ' * 'OUT 

LT1005 

» GND AUX 


"1 


’I 


"V 



OUTPUT “ON" 


SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 



Latch-Off When Output Short 


Delayed Power Up 




xruoat 
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LT 1 005M/LT 1 005C 

TYPICAL APPLICATION 


Fast Electronic Circuit Breaker Battery Voltage Sensing Circuit 



Memory Save-on-Power-Down 



The auxiliary output powers the memory, while the main 
output powers the system and is connected to the memory 
store pin. When power goes down, the main output goes 
low, commanding the memory to store. The auxiliary output 
then drops out. 
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mCKAGC DCSCRIPTIOn 


TO-220 PACKAGE (5 LEAD) 4-Pin Metal Package Similar to JEDEC TO-3 



All dimensions in inches keM and millimelers (parentheses) 
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LT1020 


/TL11CAB 

At/ TECHNOLOGY 


Micropower Regulator 
and Comparator 


F€flTUft€S 

■ 40/jA Supply Current 

■ 125mA Output Current 

■ 2.5V Reference Voltage 

■ Reference Output Sources 1 mA and Sinks 0.5mA 

■ Dual Output Comparator 

■ Comparator Sinks 10mA 

■ Dropout Detector 

■ 0.2V Dropout Voltage 

■ Thermal Limiting 

■ Available in SO Package 


Appucnnons 

■ Battery Systems 

■ Battery Backup System 

■ Portable Terminals 

■ Portable Instruments 


DCSCRIPTIOn 

The LT1020 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only %A supply current, the LT1020 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36 V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5 V reference that can ei- 
ther source or sink current. A dropout detector provides an 
output current to Indicate when the regulator is about to 
drop out of regulation. 

The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com- 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
abnormal operation. Frequency compensation of the com- 
parator for amplifier applications can be obtained by add- 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 

The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 


5V Regulator 


V|n>5.2V 

3 


L2 . 

Iq=40^A" h 


V !f4 : VOJJT 

Jl 




1: < t LT1020 

n 001 juF ^1M 
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,«T 

4- 

10/xF^ 


ONO FB 


■N 1C 
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£im 


- 

r 

4r 
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Dropout Voltage and Supply Current 
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OUTPUT CURRENT (mA) 
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LT1020 


absolute mnximum Amines 


Input Voltage 36V 

NPN Collector Voltage 36V 

PNP Collector Voltage Supply - 36 V 

Output Short Circuit Duration Indefinite 

Power Dissipation Internally Limited 

Operating Temperature Range 

LT1020C 0°Cto100°C 

LT1020M — 55°C to 125°C 

Storage Temperature Range 
LT1020C.M — 65°C to 150°C 


PACKAGE /ORDER IAFORA1ATIOA 



TOP VIEW 


ORDER PART 
NUMBER 

NC [T 

vout GE 
VinE 

REF OUT [7 
COMP PNP [7 
COMP NPN [T 
+ INPUT [7 


14]NC 

13] DROPOUT DETECTOR 
12] DO NOT USE 

Ti] FEEDBACK 

To] CURRENT LIMIT 
T|gnd 

T| — INPUT 

LT1020 

LT1020MJ 

LT1020CJ 

LT1020CN 

(ALSO AVAILABLE 
IN SO PACKAGE) 

J14 PACKAGE HERMETIC DIP 

N14 PACKAGE PLASTIC DIP 


€L€CTAICAL CHARACTERISTICS i = 25 °c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5V <V|n< 36V 

2.46 

2.50 

2.54 

V 

Line Regulation 

4.5V <V| N < 36 V 


0.01 

0.015 

%/v 

Load Regulation 

- 0.5mA < l REF < 1 m A, V tN = 1 2V 


0.2 

0.3 

% 

Output Source Current 

V| N = 5V 

1 

4 


mA 

Output Sink Current 

V,n = 5V 

0.5 

2 


mA 

Temperature Stability 



1 


% 


Regulator 


Supply Current 

V 1n = 6V,I OU t<100^A 

V|n = 36V, l 0UT — 100 jiA 

V !N = 12V, l 0UT = 125mA 


45 

75 

11 

80 

120 

20 

aA 

mA 

Output Current 

(V| N - V 0U t)>1V, V in >6V 

125 



mA 

Load Regulation 

(V| N - V 0U t)^1V, V, n >6V 


0.2 

0.5 

% 

Line Regulation 

6V<V, n <36V 


0.01 

0.015 

%/V 

Dropout Voltage 

o 

II 

f 


0.02 

0.05 

V 


Iout == 125mA 


0.4 

0.65 

V 

Feedback Sense Voltage 

V| N = 12V 

2.44 

2.5 

2.56 

V 

Dropout Detector Current 

AV 0 ut= -0.05V 

3 

20 


aA 

Feedback Bias Current 



15 

40 

nA 

Minimum Load Current 

_< 

ii 


1 

5 

aA 

Short Circuit Current 

V, N = 36V 


250 

360 

mA 


Pin 9 and Pin 10 shorted, V| N = 4.5V 

3 

30 


mA 


Comparator 


Offset Voltage 

0V < V C m ^ 35V, V, N = 36 V 


3 

7 

mV 

Bias Current 

0 V < V C m ^ 35V, V|n = 36 V 


15 

40 

nA 

Offset Current 

0V < V CM ^ 35V, V| N = 36V 


4 

15 

nA 

Gain-NPN Pulldown 

AVqut = 29V, R l = 20k 

2000 

10000 


V/V 

Common Mode Rejection 

0V<V cm <35V,V !N = 36V 

80 

94 


dB 
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LT1020 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Comparator 

Power Supply Rejection 

4.5V <V S < 36 V 

80 

96 


dB 

Output Sink Current 

V, n = 4.5V 

10 

18 


mA 

NPN Saturation Voltage 

Iqut = 1 m A 


0.4 

0.6 

V 

Output Source Current 


60 

200 


/*A 

Input Voltage Range 


0 


Vin-1 

V 

Response Time 



5 


n$ 

Leakage Current (NPN) 




2 

mA 

€l€CTRICAl CHRRRCTCRISTICS 

PARAMETER 

CONDITIONS 

| MIN 

TYP 

MAX 

| UNITS 


Reference 


Reference Voltage 

4.5V <V| N < 36V 

• 

2.40 

2.50 

2.55 

V 

Line Regulation 

4.5V<V, n <36V 

• 


0.01 

0.02 

%/v 

Load Regulation 

- 0.5mA < l REF < 1 mA, V !N = 12V 

• 


0.3 

~T, 1 

% 

Output Source Current 

V|n = 5V 

• 

1 



mA 

Output Sink Current 

Vin = 5V 

• 

0.5 



mA 


Regulator 


Supply Current 

Vin = 6V, Iout— 100/xA 

V|n = 36V, louT^100/iA 

V| N = 12V, Iqut = 125mA 

• 

• 

• 


65 

85 

11 

95 

120 

20 

„A 

mA 

Output Current 

(V, N - V 0 ut)>1V, V, n >6V 

• 

125 



mA 

Load Regulation 

(V in -V 0 ut)>1V,V in >6V 

• 



1 

% 

Line Regulation 

6V<V, n <36V 

• 


. 

0.02 

%/V 

Dropout Voltage 

Iout = 100/iA 

• 



0.06 

V 


Iqut = 125mA 

• 



0.85 

V 

Feedback Sense Voltage 

V|n = 12V 

• 

2.38 

2.5 

2.57 

V 

Dropout Detector Current 

AV 0U t= -0.05V 

• 

3 



*A 

Feedback Bias Current 


• 



50 

nA 

Minimum Load Current 

V| N = 36V 

• 



50 

H A 

Short Circuit Current 

V| N = 36V 

• 

1 

240 

360 

mA 


Pin 9 and Pin 10 shorted, V !N = 4.5V 

• 

2.5 

30 


mA 


Comparator 


Offset Voltage 

0V< = V CM <35V, V|n = 36 V 

• 



10 

mV 

Bias Current 

0V < V C m <35V, V, N = 36V (Note 1) 

• 


15 

60 

nA 

Offset Current 

0V<V CM <35V,V (N = 36V 

• 



20 

nA 

Gain-NPN Pulldown 

AV out = 29V, R L = 20k 

• 

1000 



V/V 

Common Mode Rejection 

0V < V C m ^ 35V, V, N = 36 V 

• 

80 



dB 

Power Supply Rejection 

4.5V <V S < 36V 

• 

80 



dB 

Output Sink Current 

V IN = 4.5V(Note2) 

• 

5 

10 


mA 

Output Source Current 


• 

40 

120 


/iA 

Input Voltage Range 


• 

0 


Vin-1 

V 

Leakage Current (NPN) 

V, N = 36V 

• 



8 

mA 


The • denotes the specifications which apply over full operating tempera- Note 1: For OV < V CM <0.1 V and T >85°C I bias max is lOOnA. 
ture range. Note 2: For T A < - 40°C output sink current min is 2.5mA. 
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LT1020 


pm Funcnons 

Pins 1, 12, 14— No internal connection. 

Pin 2— Regulator Output. Main output, requires %F out- 
put capacitor. Can be shorted to Vin or ground without 
damaging device. 

Pin 3— Input Supply. Bypass with 10/iF cap. Must always 
be more positive than ground. 

Pin 4— Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5 V. Voltages in excess of 5V 
can damage the device. 

Pin 5— Comparator PNP Output. Pull up current source for 
the comparator. May be connected to any voltage from Vin 
to 36V more negative than Vin (operates below ground). 
Short circuit protected. For example, if Vin is 6 V then pin 5 
will operate to -30V. 

Pin 6-Comparator NPN Output. May be connected to any 
voltage from ground to 36V more positive than ground 
(operates above Vin). Short circuit protected. 


Pins 7, 8— Comparator Inputs. Operates from ground to 
Vin - IV. Comparator inputs will withstand 36 V even with 
V| N ofOV. 

Pin 9— Ground. 

Pin 10-Current Limit. Connecting this pin to ground de- 
creases the regulator current limit to 3mA min. Leave open 
when not used. 

Pin 1 1 -Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 13-Dropout Detector. This pin acts like a current 
source from Vin which turns on when the output transistor 
goes into saturation. The magnitude of the current 
depends on the magnitude of the output current and the 
input-output voltage differential.Pin current ranges from 
5/tA to about 300/iA. 


TVPicni PCftFonmnncc CHRRncicmsTics 


Regulator Load Regulation 
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0.1 1 10 100 1000 
OUTPUT CURRENT (mA) 


Supply Current 



0.1 1 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 


Regulator Short Circuit Current 



-50 -10 30 70 110 150 

TEMPERATURE (°C) 
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LT1020 


typical pcRFonmnnce charactcristics 


Dropout Voltage 



0.1 1 - 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 


Dropout Voltage 



0.1 1 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 


Dropout Voltage 



0.1 1 10 100 
REGULATOR OUTPUT CURRENT (mA) 


Dropout Detector Current 



REGULATOR OUTPUT CURRENT (mA) 


Dropout Detector Current 



0 0.1 0.2 0.3 0.4 0 5 0.6 

REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


Regulator Minimum Load Current 



70 80 90 100 110 120 130 140 150 

TEMPERATURE (°C) 



Regulator Ripple Rejection 



Supply Current 



REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


Supply Current at Dropout 



0 0.1 0.2 0.3 0.4 0.5 0.6 

REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


umm 
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LT1020 


TYPICAL PCRFORfflAACC CHRRRCT6RISTICS 


Reference Regulation 



-1.5 -1.0 -0.5 0 0.5 1.0 1.5 

REFERENCE OUTPUT CURRENT (mA) 


Comparator Input Bias Current 



-1 -0.6 —0.2 GND 0.2 0.6 1 

COMMON-MODE VOLTAGE (V) 

REFERRED TO PIN 9 (GND) 


Feedback Pin Current 



0.1 1 10 100 1000 
REGULATOR OUTPUT CURRENT (mA) 



LT1 020 Turn-On Characteristic 



01 2345678 

INPUT VOLTAGE (V) 


APPUCATIOA MATS 

The LT1020 is especially suited for micropower system ap- 
plications. For example, the comparator section of the 
LT1020 may be used as a battery checker to provide an in- 
dication of low battery. The dropout detector can shut- 
down the system when the battery voltage becomes too 
low to regulate. Another type of system application for the 
LT1020 would be to generate the equivalent of split sup- 
plies off of a single power input. The regulator section pro- 
vides regulated output voltage and the reference, which 
can both source and sink current is then an artificial sys- 
tem ground providing a split supply for the system. 

For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 


values for various gains are given in the datasheet. The 
comparator gain is purposely low to make it easier to fre- 
quency compensate as an amplifier. Two outputs are 
available on the comparator, the NPN output is capable of 
sinking 10mA and can drive loads connected to voltages in 
excess of the positive power supply. This is useful for driv- 
ing switches or linear regulators off of a higher input volt- 
age. The PNP output, which is capable of sourcing 100/iA 
can drive loads below ground. It can be used to make 
negative regulators with the addition of an external pass 
transistor. Both outputs can be tied together to provide an 
output that swings from rail-to-rail for comparator or am- 
plifier applications. Although it is not specified, the gain 
for the PNP output is about 500-1000. 
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flppucnnon mots 

If the PNP output is being used, to maximize the gain, a 
1-5fiA load should be placed upon the NPN output collec- 
tor. This is easily done by connecting a resistor between 
the NPN collector and the reference output. (Providing this 
operating current to the NPN side increases the internal 
emitter base voltages and maximizes the gain of the PNP 
stage.) Without this loading on the NPN collector, at tem- 
peratures in excess of 75°C, the gain of the PNP collector 
can decrease by a factor of 2 or 3. 


Reference 

Internal to the LT1020 is a 2.5V trimmed class B output 
reference. The reference was designed to be able to 
source or sink current so it could be used in supply split- 
ting applications as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 4 or 5mA and sink 2mA. The available 
source and sink current decreases as temperature in- 
creases. It is sometimes desirable to decrease the AC out- 
put impedance by placing an output capacitor on them. 
The reference in the LT1020 becomes unstable with large 
capacitive loads placed directly on it. When using an out- 
put capacitor, about 20$) should be used to isolate the 
capacitor from the reference pin. This 20$) resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have 20$) placed in series with it and 
then a capacitor to ground. This is shown in Figure 1. 
Other than placing large capacitive loads on the 
reference, no other precautions are necessary and the 
reference is stable with nominal stray capacitances. 


Overload Protection 

The main regulator in the LT1020 is current limited at ap- 
proximately 250mA. The current limit is stable with both 
input voltage and temperature. A current limit pin, when 
strapped to ground, decreases the output current. This al- 
lows the output current to be set to a lower value than 
250mA. The output current available with the current limit 
pin strapped to ground is not well controlled so if precise 
current limiting is desired it should be provided externally 
as is shown in some of the application circuits. 

If the device is overloaded for long periods of time, ther- 
mal shutdown turns the output off. In thermal shutdown, 
there may be some oscillations which can disturb external 
circuitry. A diode connected between the reference and 
feedback terminal provides hysteresis under thermal shut- 
down, so that the device turns on and off with about a 5 
second period and there are no higher frequency oscilla- 
tions. This is shown in Figure 2. This diode is recom- 
mended for most applications. Thermal shutdown tem- 
perature is set at approximately 145°. 

Like most other 1C regulators, a minimum load is required 
on the output of the LT1020 to maintain regulation. For 
most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 



*DIODE ADOS FEEDBACK 


Figure 1. Bypassing Reference Figure 2. Minimizing Oscillation In Thermal Shutdown 
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APPUCATIOA HIATS 

having too low of a load current may cause the output to 
go unregulated. Devices are tested for minimum load cur- 
rent at high temperature. The output voltage setting resis- 
tors to the feedback terminal can usually be used to pro- 
vide the minimum load current. 

Frequency Compensation 

The LT1020 is frequency compensated by a dominant pole 
on the output. An output capacitor of %F is usually large 
enough to provide good stability. Increasing the output 
capacitor above 10/tF further improves stability. In order to 
insure stability, a feedback capacitor is needed between 
the output pin and the feedback pin. This is because stray 
capacitance can form another pole with the large value of 
feedback resistors used with the LT1020. Also, a feedback 
capacitor minimizes noise pickup and improves ripple 
rejection. 


With the large dynamic operating range of the output cur- 
rent, 10000:1, frequency response changes widely. Low AC 
impedance capacitors are needed to insure stability. 
While solid tantalum are best, aluminum electrolytics can 
be used but larger capacitor values may be needed. 

The CURRENT LIMIT pin allows one of the internal nodes 
to be rolled off with a 0.05 /jF capacitor to ground. With this 
capacitor, lower values of regulator output capacitance 
can be used (down to 1/tF) for low ( < 20mA) output 
currents. Values of capacitance greater than 0.05/tF 
degrade the transient response, so are not recommended. 

If the CURRENT LIMIT pin is connected to GND, the cur- 
rent limit is decreased and only a fyF output capacitor is 
needed. 

When bypassing the reference, a 200 resistor must be con- 
nected in series with the capacitor. 


TVPICfll flPPUCflTIOflS 

Regulator With Output Voltage Monitor 



Driving Logic With Dropout Detector 
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LT1020 


typical flppucnnons 


Compensating the Comparator as an Op Amp 


1 Amp Low Dropout Regulator 



1 33fl 0.1 pF 0.001/xF 

10 1000 0.047/^F - 100k 

100 10k 0.002 m F - 10k 


V IN 



CAPACITORS CAN BE 
PARALLELED. 


5V Regulator 



Regulator with Improved Transient Response 



Dual Output Regulator 


Vim > 5.2V 
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TYPICAL APPLICATION 


Dual Output 150mA Regulator 


Maintaining Lowest Iq at Dropout 




‘TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS 


Dual Output Positive Regulator 



Battery Backup Regulator 


V OUT 
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LT1020 



Switching Preregulator for Wide Input Voltage Range 
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SOKfllHTIC DIAGAAfll 
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BLOCK DlflGRAffl 



PACKAGE D6SCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J14 Package 
Hermetic DIP 


N14 Package 
Plastic DIP 




T jmax 

©jA 


T jmax 

©)A 

150°C 

80°C/W 


110°C 

130°C/W 
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LT1020CS 


rr urm 

TECHNOLOGY Micropower Regulator 

and Comparator 


F€ATUR€S 

■ 40/tA Supply Current 

■ 125mA Output Current 

■ 2.5V Reference Voltage 

■ Reference Output Sources 1mA and Sinks 0.5mA 

■ Dual Output Comparator 

■ Comparator Sinks 10mA 

■ Dropout Detector 

■ 0.2V Dropout Voltage 

■ Thermal Limiting 

■ Electrical Shutdown 


APPUCATIORS 

■ Battery Systems 

■ Battery Backup System 

■ Portable Terminals 

■ Portable Instruments 


D€SCRIPTIOA 

The LT1020 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40^A supply current, the LT1020 can supply 
over 125mA of output current. Input voltage range is from 
4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A dropout detector provides an 
output current to indicate when the regulator is about to 
dropout of regulation. 

The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com- 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
abnormal operation. Frequency compensation of the com- 
parator for amplifier applications can be obtained by add- 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 

The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 


Dropout Voltage and Supply Current 


5 V Regulator 


V|n>5.2V 

3 

V IN V OUT 

2 , , 



1 Q = 40/rA 


1 

r 

' 



LT1020 
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LT1020CS 


RBSOIUTC fflAXimUffl RRTIflGS 


Input Voltage 36V 

NPN Collector Voltage 36V 

PNP Collector Voltage Supply - 36V 

Output Short Circuit Duration Indefinite 

Power Dissipation Internally Limited 

Operating Temperature Range 0°C to 100°C 

Storage Temperature Range -65°C to 150°C 


PRCKRG€/ORD€R IRFORfflRTIOR 





ORDER 


TOP VIEW 


PART NUMBER 

NC (T 



H NC 





VoUT E 

VinE 
REF OUT [T 
COMP PNP [7 
COMP NPN E 
+ INPUT [7 



IS] DROPOUT DET. 

3 SHUTDOWN 

Tl) FEEDBACK 
?2| CURRENT LIMIT 
H) GND 
-INPUT 

LT1020CS 



PART MARKING 

NC E 



U NC 

LT1020CS 


SI 6 PACKAGE 
PLASTIC SOL 



€L€CTRICRL CHARACTERISTICS t,=25-c 


PARAMETER CONDITIONS 


MIN [ TYP 


MAX 


UNITS 


Reference 


Reference Voltage 

4.5 V <V, N < 36 V 

2.46 

2.50 

2.54 

V 

Line Regulation 

4.5 V <V|n< 36 V 


0.01 

0.015 

%/V 

Load Regulation 

- 0.5mA < l REF < 1 m A, V (N = 1 2V 


0.2 

0.3 

% 

Output Source Current 

V| N = 5V 

1 

4 


mA 

Output Sink Current 

Vin = 5V 

0.5 

2 


mA 

Temperature Stability 



1 


% 


Regulator 


Supply Current 

V in = 6V,Iout< 100 m A 

V,N = 36V, Iqui <100 nk 

V|N = 12V, l 0 U T= 125mA 

V| N <36V Shutdown 


45 

75 

11 

50 

80 

120 

20 

f*A 
pA 
mA 
H A 

Output Current 

(V| N -Vout)s1V,V IN 26V 

125 



mA 

Load Regulation 

(ViN-Voui)a1V,V IN a6V 


0.2 

0.5 

% 

Line Regulation 

6V<V| N <36V 


0.01 

0.015 

%/V 

Dropout Voltage 

Iout = 100jiiA 


0.02 

0.05 

V 


Iout =: 125mA 


0.4 

0.65 

V 

Feedback Sense Voltage 

V, n = 12V 

2.44 

2.5 

2.56 

V 

Dropout Detector Current 

AV out = -0.05V 

3 

20 


«A 

Feedback Bias Current 



15 

40 

nA 

Minimum Load Current 

V| N = 36V 


1 

5 

mA 

Short Circuit Current 

V in = 36V 


250 

360 

mA 


Pin 11 and Pin 12 shorted, V JN = 4.5V 

3 

30 


mA 


Comparator 


Offset Voltage 

0V<V CM <35V, V|n = 36V 


3 

7 

mV 

Bias Current 

0V<V cm <35V, V IN = 36 V 


15 

40 

nA 

Offset Current 

0V<V cm <35V,V in = 36V 


4 

15 

nA 

Gain-NPN Pulldown 

AVquj = 29V, R l = 20k 

2000 

10000 


V/V 

Common Mode Rejection 

0V<V cm <35V,V| N = 36V 

80 

94 


dB 
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LT1020CS 


ELECTRICAL CHARACTERISTICS Tj = 25 «c 


PARAMETER | 

CONDITIONS 

| MIN 

TYP 

MAX 

UNITS 

Comparator 

Power Supply Rejection 

4.5V <V S < 36V 

80 

96 


dB 

Output Sink Current 

V, N = 4.5V 

10 

18 


mA 

NPN Saturation Voltage 

l0UT= 1mA 


0.4 

0.6 

V 

Output Source Current 


60 

200 


m a 

Input Voltage Range 


0 


Vin-1 

V 

Response Time 



5 


fiS 

Leakage Current (NPN) 




2 



ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5V <V|n< 36V 

• 

2.40 

2.50 

2.55 

V 

Line Regulation 

4.5V <V, N < 36V 

• 


0.01 

0.02 

%/v 

Load Regulation 

- 0.5mA < l REF < 1 m A, V| N = 1 2V 

• 


0.3 

0.4 

% 

Output Source Current 

V,N = 5V 

• 

1 



mA 

Output Sink Current 

Vin = 5V 

• 

0.5 



mA 

Regulator 

Supply Current 

V,n = 6V, I 0 ut— 100/aA 

• 


65 

95 

pA 


V|^| = 36V, Iqut — 1 00/aA 

• 


85 

120 

/iA 


V,n = 12V, Iqut = 125mA 

• 


11 

20 

mA 

Output Current 

(V, n -V out )>1V ) V 1n >6V 

• 

125 



mA 

Load Regulation 

(V|N _ V 0U t)>1V, V, n >6V 

• 



1 

% 

Line Regulation 

6V<V| N <36V 

• 



0.02 

%/V 

Dropout Voltage 

Iout= 100/iA 

• 



0.06 

V 


1 

CM 

_P 

• 



0.85 

V 

Feedback Sense Voltage 

V| N = 12V 

• 

2.38 

2.5 

2.57 

V 

Dropout Detector Current 

AV out = -0.05V 

• 

3 



juA 

Feedback Bias Current 


• 



50 

nA 

Minimum Load Current 

V, N = 36V 

• 



50 


Short Circuit Current 

V iN = 36V 

• 


240 

360 

mA 


Pin 1 1 and Pin 12 shorted, V )N = 4.5V 

• 

2.5 

30 


mA 


Comparator 


Offset Voltage 

0V< = V cm <35V, V,n = 36V 

• 



10 

mV 

Bias Current 

0V< V cm ^35V, V,n = 36V (Note 1) 

• 


15 

60 

nA 

Offset Current 

0V<V cm ^35V, V,n = 36V 

• 



20 

nA 

Gain-NPN Pulldown 

AVqdt = 29 V, Rl = 20k 

• 

1000 



V/V 

Common Mode Rejection 

0V<V cm ^35V,V in = 36V 

• 

80 



dB 

Power Supply Rejection 

4.5V <V S < 36 V 

• 

80 



dB 

Output Sink Current 

V )N = 4.5V 

• 

5 

10 


mA 

Output Source Current 


• 

40 

120 


m a 

Input Voltage Range 


• 

0 


V| N “ 1 

V 

Leakage Current (NPN) 

V in = 36V 

• 



8 

n A 


The • denotes the specifications which apply over full operating tempera- Note 1: For 0V< V CM <0.1V and T >85°C I bias max is lOOnA. 
ture range. 
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LT1020CS 


pm Funcnons 

Pins 1, 8, 9, 16-No internal connection. 

Pin 2-Regulator Output. Main output, requires 10/tF out- 
put capacitor. Can be shorted to Vin or ground without 
damaging device. 

Pin 3— Input Supply. Bypass with 10/*F cap. Must always 
be more positive than ground. 

Pin 4— Reference. 2.5 V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5V 
can damage the device. 

Pin 5-Comparator PNP Output. Pull up current source for 
the comparator. May be connected to any voltage from Vin 
to 36V more negative than Vin (operates below ground). 
Short circuit protected. For example, if Vin is 6V then pin 5 
will operate to -30V. 

Pin 6-Comparator NPN Output. May be connected to any 
voltage from ground to 36V more positive than ground 
(operates above %). Short circuit protected. 


Pins 7, 10-Comparator Inputs. Operates from ground to 
Vin - IV. Comparator inputs will withstand 36 V even with 
Vin of 0V. 

Pin 11— Ground. 

Pin 12-Current Limit. Connecting this pin to ground de- 
creases the regulator current limit to 3mA min. Leave open 
when not used. 

Pin 13-Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 14— Shutdown. Logic high turns the regulator output 
off. Shutdown threshold is 1.4V and impedance is 65kfi. 

Pin 15— Dropout Detector. This pin acts like a current 
source from Vin which turns on when the output transistor 
goes into saturation. The magnitude of the current 
depends on the magnitude of the output current and the 
input-output voltage differential.Pin current ranges from 
5/iA to about 300/tA. 


4-48 


/yurm 

JKL-f TECHNOLOGY 





4 


TECHNOLOGY 


F€RTUR€S 

■ Guaranteed 1% Initial Voltage Tolerance 

■ Guaranteed 0.015%/V Line Regulation 

■ Guaranteed 0.02%/W Thermal Regulation 

■ 100% Burn-in in Thermal Limit 


LT1033 

3A. Negative Adjustable 
Regulator 

DCSCRIPTIOR 

The LT1033 negative adjustable regulator will deliver 
up to 3 Amps output current over an output voltage 
range of -1.2V to —32V. Linear Technology has 
made significant improvements in these regulators 
compared to previous devices, such as better line and 
load regulation, and a maximum output voltage error 
of 1%. 


APPUCRTIORS 

■ Adjustable Power Supplies 

■ System Power Supplies 

■ Precision Voltage/Current Regulators 

■ On-Card Regulators 


The LT 1033 is easy to use and difficult to damage. In- 
ternal current and power limiting as well as true ther- 
mal limiting prevents device damage due to overloads 
or shorts, even if the regulator is not fastened to a heat 
sink. 


Maximum reliability is attained with Linear Technol- 
ogy’s advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as- 
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators that receive only standard electrical 
testing. 



Precision Regulator f Current Limit 



1.25 


f EXTERNAL LT1004 REFERENCE IMPROVES 
LINE, LOAD, AND THERMAL REGULATION 


XTUm 
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LT1033 


nfisoiuT€ mnximum rrtirgs 

Power Dissipation Internally Limited 

Input to Output Voltage Differential 35V 

Operating Junction Temperature Range 

LT1033M — 55°Cto 150°C 

LT1033C 0°Cto 125°C 

Storage Temperature Range 

LT1033M — 65°Cto 150°C 

LT1033C — 65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


pftcconDiTionmG 

100% THERMAL LIMIT BURN-IN 


PRCKRG€/ORD€R IRFORfDRfTIOn 



€l€CTRICRl CHRRRCTCRISTICS (See Rote 1) 


LT1033M LT1033C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

|V IN - V 0UT | 

= 5V, Iout = 5mA, 











T, = 25' 

’C 


-1.238 

-1.250 

-1.262 

-1.238 

-1.250 

-1.262 

V 



3V « |V,„ 

- VoutI < 35V 











5mA < Iout < Imax, P < Pmax 


-1.215 

-1.250 

-1.285 

-1.200 

-1.250 

-1.300 

V 

AVout 

Load Regulation 

10mA < Iout ^ Imax, (See Note 2) 









AIout 


T i = 25°C,|V 0 u T t<5V 



10 

50 


10 

50 

mV 



Ti = 25°C, |Vou T | > 5V 



0.2 

1.0 


0.2 

1.0 

% 




|V 0 utI«5V 

• 


20 

75 


20 

75 

mV 




1 Vout 1 > 5V 



0.4 

1.5 


0.4 

1.5 

% 

AV out 

Line Regulation 

3V « |V|N- 

-VoutI < 35V, (See 









AVin 


Note 2) 












T, = 25°C | 



0.005 

0.015 


0.01 

0.02 

%/V 







0.01 

0.04 


0.02 

0.05 

%/v 


Ripple Rejection 

VoUT - ~ ■ 

10V, f = 120Hz 











Cadj = 0 


56 

66 



60 


dB 



Cadj = ' 

io m f 


70 

80 


66 

77 


dB 


Thermal Regulation 

Tj = 25°C, 

10msec Pulse 



0.002 

0.02 


0.002 

0.02 

%/W 

Iadj 

Adjust Pin Current 


• 


65 

100 


65 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iqut < (max 

• 


0.2 

2 


0.5 

2 

mA 



3V^|V tN - 

-VqutI < 35 V 

• 


1.0 

5 


2 

5 

mA 


Minimum Load Current 

|V, N - V 0UT | 

K 35V 



2.5 

5.0 


2.5 

5.0 

mA 



1 Vim — VoutI 

< 10V 



1.2 

3.0 


1.2 

3.0 

mA 

Isc 

Current Limit 

V|N Vqut 

< 10V, (See Note 2) 


3 

4.3 

6 

3 

4.3 

6 

A 



I Vin — VoutI 

1 = 35V, 











Tj = 25°C 



0.5 

1.3 

2.5 

.5 

1.3 

2.5 

A 

AV out 

Temperature Stability of Output 











ATemp 

Voltage 

Tmin < T < T MA x 

• I 


0.6 

1.5 


0.6 

1.5 

% 

AVout 

Long Term Stability 

T a = 125°C, 1000 Hours 



0.3 

1.0 


0.3 

1.0 

% 

ATime 



! 

i 









6n 

RMS Output Noise 

I T a = 25°C, 10Hz < f < 10kHz 



0.003 



0.003 


% 


(% of V 0UT ) 











@JC 

Thermal Resistance 

T Package 







4 


°C/W 


Junction to Case 

K Package 




1.2 

2.0 


1.2 

2.0 

°c/w 


The • denotes the specifications which apply over the full operating Note 2: Testing is done using a pulsed low duty cycle technique. See 

temperature range. Otherwise Tj = 25°C. thermal regulation specifications for output changes due to heating 

Note 1: Unless otherwise indicated, these specifications apply: effects. Load regulation is measured on the output pin at a point 1/8" 

| V| N - VoutI = 5V; and I 0U t = 5mA. Power dissipation is internally below the base of the package, 

limited. However, these specifications apply for power dissipation up 
to 30W. See guaranteed minimum output current curve. I MAX = 3A. 
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LT1033 


typical P€RFonmnnc€ charactcristics 


Dropout Voltage 


T, = -55°C 



0.5 1.0 1.5 2.0 2.5 3.0 

OUTPUT CURRENT (A) 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Minimum Load Current 



0 10 20 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 


Ripple Rejection 




— Cadj = 

10mF 

- 



V 


1 

r 






Lt 


— 

— 


vir 

i L 

-VOUT = 5V 
5D0mA 





f = 
Tj 

120Hz 
= 25°C 

1 1 






-10 -20 -30 

OUTPUT VOLTAGE (V) 







* 

N 




C 

ADJ = CT 

N x C ADJ = 10, 

F 

V|N= - 

15V 


\ 

v: 

X 

X. 

V UU 1 - IUY 

lL = 500mA 

Tj = 25°C 





10 100 Ik 10k 100k. 1M 

FREQUENCY (Hz) 


Ripple Rejection 

I CaDJ = 10 m F ' 
Cadj - o 1 1 1 ' 


VlN 15V 

20 -VoUT = — 10V— 
f - 120 Hz 
Tj = 25°C 


0.1 1 
OUTPUT CURRENT (A) 


Output Impedance 


Line Transient Response 


E V|N — 15V E 
-VOUT = -10V= 
“II = 500mA “ 
100 eCl - 1 m F = 
ETj = 25°C E 


Ik 10k 100k 

FREQUENCY (Hz) 


0.8 

0,6 

CD „ 

^ > 0.4 

H 0.2 

Is „ 
0 
o 

- 0.2 

-0.4 

0 



VoUT= -10V ___ 
lL = 50mA 
. Tj = 25°C — 

c L - i,f 
10 20 
TIME (,s) 


Load Transient Response 

i r r rrT 

^l C ADJ = 0 


0.2 

0 o 

D ^ 

- 0.2 
° -0.4 

- 0.6 
? 0 

8 -0.5 

□c 

o -1.0 
o 

o -1.5 


_V|N = - 15V _ 
VOUT = -10V 
— INL - 50mA ~ 
_Tj = 25°C _ 

Cl = 1,F 
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LT1033 

TYPICAL PCRFORRIAACC CHARACTERISTICS 


Guaranteed Minimum 

Load Regulation* Output Current Adjustment Current 



0 0.8 1.6 2.4 3.2 4.0 0 5 10 15 20 25 30 35 -75 -50-25 0 25 50 75 100 125 150 


OUTPUT CURRENT (A) INPUT-OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) 

The LT1033 has load regulation compensation 
which makes the typical unit read close to 
zero. This band represents the typical 
production spread. 


RPPLICRTIOR IRFORmflTIOn 

Output Voltage: The output voltage is determined by 
two external resistors, Ri & R 2 (see Figure 1). The ex- 
act formula for the output voltage is: 

Vout = VRet ^ 1 + j + Iadj (R 2 ) 

Where: V Re t = Reference Voltage, 1 A dj = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
Vout. In more critical applications, the exact formula 
should be used, with I A oj equal to 65mA. Solving for R 2 
yields: 

p _ Vout — VRef 

2 ^Ref _ | 

R-j ADJ 

Smaller values of Ri and R 2 will reduce the influence of 
Iadj on the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for Ri are between 1000 and 3000, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting Ri, the minimum 
load current specification of the regulator. The operat- 
ing current of the LT 1033 flows from input to-output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by Ri and R 2 is normally high enough to 


absorb the current, but care must be taken in no-load 
situations where Ri and R 2 have high values. The 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT1033. If input-output 
voltage differential is less than 10V, the operating cur- 
rent that must be absorbed drops to 3mA. 



Figure 1 


EXAMPLE: 

1. A precision 10V regulator to supply up to 3 Amp load current. 

a. Select = 100Q to minimize effect of I A dj 

b. Calculate R 2 = V -V = 10V ~ 125V = 7040 
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LT1033 


nppucmion inFonmnrion 

Capacitors and Protection Diodes: An output capacitor, 
C3, is required to provide proper frequency compen- 
sation of the regulator feedback loop. A 2^F or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 10 
or less. High Q capacitors, such as Mylar, are not rec- 
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be 25/xF to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6V and an output ca- 
pacitor greater than 2<VF has been used, it is possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode Dl 
(see Figure 2) between the input and the output. 

The input capacitor, C2, is only required if the regula- 
tor is more than 4 inches from the raw supply filter 
capacitor. 


Bypassing the Adjustment Pin: The adjustment pin of the 
LT 1033 may be bypassed with a capacitor to ground, 
Cl, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci- 
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V/1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than R^ Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre- 
quency is 120Hz, since X c = 1300. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10jtF may be used, but if the output is larger than 25V, 
a diode, 02, should be added between the output and 
adjustment pins (see Figure 2). 



* Dl protects the regulator from input shorts to * * D2 protects the adjust pin of the regulator 
ground. It is required only when C3 is larger from output shorts if C2 is larger than 10^F 
than 20/u.F and Vout is larger than 6V. and V out is larger than — 25V. 

Figure 2 


Proper Connection of Divider Resistors: The LT 1033 has 
a load regulation specification of 0.8% and is mea- 
sured at a point 1/8" from the bottom of the package. 
To prevent degradation of load regulation, the resis- 
tors which set output voltage, R1 and R2, must be con- 
nected as shown in Figure 3. Note that the positive 
side of the load has a true force and sense (Kelvin) 
connection, but the negative side of the load does not. 

Lead resistance here does not 



R1 should be connected directly to the output lead of 
the regulator, as close as possible to the specified 
point 1/8” from the case. R2 should be connected to 
the positive side of the load separately from the posi- 
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 


urn 
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LT1033 


TYPICAL APPUCflTIOnS 

The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/°C 
maximum drift and about 10 times lower noise than 
the regulator. 


In the application shown below, regulators #2 to “N” 
will track regulator #1 to within ± 24mV initially, and 
to ±60mV over all load, line, and temperature condi- 
tions. If any regulator output is shorted to ground, all 
other outputs will drop to « -2V. Load regulation of 
regulators 2 to “N” will be improved by Vout/ 1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 


Multiple Tracking Regulators 



High Stability Regulator 



Dual Tracking 3A Supply ± 1.25V to ± 20V 



* * Ri or R5 may be trimmed slightly to improve tracking 


Current Regulator 




Jci 

SOLID TANTALUM 



ADJ 



mrm 

^ ( 





Rs 

l 


(0.5Q < R s ^ 25012) 
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The following table allows convenient selection of 
program resistors from standard 1% values. 


VOUT 

Hi 

r 2 

OUTPUT 

ERROR 

( 0 / 0 ) 

5 

100 

301 

0.6 

6 

121 

453 

- 0.7 

8 

115 

619 

0.6 

10 

115 

806 

0.6 

12 

118 

1020 

1 

15 

100 

1100 

0.5 

18 

150 

2000 

0.2 

20 

121 

1820 

0.8 

22 

130 

2150 

0.2 

24 

121 

2210 

0.9 

28 

115 

2430 

- 0.7 

30 

121 

2740 

- 0.9 


/Tunm 

jmtmW TECHNOLOGY 
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LT1033 

PflCKAGC DCSCRIPTIOn 


K Package TO-3 STEEL Metal Can 


T Package TO-220 Plastic 





Tjmax 

©JC 

LT1033C 

125°C 

4°C/W 
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LT1035M/LT1035C 



urn 


TECHNOLOGY 


Logic Controlled Regulator 


F€ATUA€S 

■ Two Regulated Outputs 

+ 5V at 3A 
+ 5V at 75mA 

■ 2% Output Voltage Tolerance 

■ 66dB Ripple Rejection 

■ 0.7% Load Regulation 

■ TTL and CMOS Compatible Logic Control 

■ 100% Thermal Burn-In on All Devices 


APPUCATIOAS 

■ Power Supply Sequencing 

■ Remote On /Off Power Control 

■ Selective System Power during Emergency Power 
Operation 

■ Memory Power Supply with Back-Up 


D6SCAIPTIOA 

The LT1035 features two positive 5 V regulators in the 
same package. The main regulator offers excellent per- 
formance while supplying load currents up to 3A, and the 
auxiliary regulator provides similar performance while 
supplying lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown con- 
trol of a logic signal. When the enable pin is taken to a low 
logic level, the main regulator shuts down and its output 
voltage goes to near 0V. During this command, the aux- 
iliary output is unaffected by the main regulator’s condi- 
tion and continues to provide a 5V output. 


The main output has current and power limiting com- 
bined with thermal shutdown to make it virtually blowout 
proof. The auxiliary output is not affected by the thermal 
shutdown mechanism or the state of the main output, 
allowing it to be used as a back-up in case of overloads or 
shorts on the main supply. 



The logic input of the LT1035 (enable pin) has a 1.6V 
threshold and can be driven from a high source im- 
pedance. This allows it to be driven by most logic 
families, including TTL and CMOS. 


For a 1A version of the LT1035, please see the LT1005 
data sheet. For a 1 2 V output voltage version, consult the 
factory. 


Functional Diagram 


Guaranteed Load Current 




0 2 4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (V) 


xti $m 
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LT1035M/LT1035C 


ABSOLUTE fflAXimum RATIAGS 

Power Dissipation— Continuous 24W 

Power Dissipation— Fault Conditions . . . Internally Limited 

Input Voltage (V| N ) 20V 

Enable Voltage (V EN ) 20V 

Operating Junction Temperature 

LT1035M — 55°Cto 150°C 

LT1035C 0°Cto 125°C 

Storage -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRECORDITIORIRG 

100% Burn-In in Thermal Limit 


PRCKRG6/ORD6R IRFORmRTIOR 



€L€CTRICRL CHARACTERISTICS Main Regulator (See Note 1) 







LT1035M 



LT1035C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vo 

Output Voltage 

Tj = 25°C 


4.9 

5.0 

5.1 

4.9 

5.0 

5.1 

V 


High 

7.7V< V,n< 20V 

P D < 24W 

OmA < l 0 < 3A 

• 

4.8 

5.0 

5.2 

4.8 

5.0 

5.2 

V 


Low 

7V<V, n < 12.5V 

• 


0.1 

0.2 


0.1 

0.2 

V 



V| N = 20V 

• 


0.1 

0.3 


0.1 

0.3 

V 

AV 0 

Load Regulation (Note 6) 

8V<V, n < 12.5V 









Al 0 


0<l o <3A(Note2) 

• 


10 

35 


10 

35 

mV 

AV 0 

Line Regulation 

7.4V<V, n <20V 



0.3 

2 


0.3 

2 

mV/V 

AV,m 


(Note 2) 










Ripple Rejection 

50Hz<f< 500Hz 


60 

70 


60 

70 


dB 


Thermal Regulation 

AP d = 20W (Note 4) 



0.003 

0.012 


0.003 

0.012 

%/W 

>0 

Available Load Current (Note 6) 

8V<V, n < 12.5V 

• 

3 

4 


3 

4 


A 



V, n = 20V 

• 

1.6 

2.4 


1.6 

2.4 


A 

•sc 

Short Circuit Current 

V|n = 8V 



4 

6 


4 

6 

A 



V|m = 20V 



2.5 

4 


2.5 

4 

A 

V|N 

Minimum Input Voltage to 

(Note 5) 

1 









Maintain Regulation 

l 0 == 1 A 

• 

7.2 

6.7 


7.2 

6.7 


V 



• 0 = 3A 

• 

7.7 

7.2 


7.7 

7.2 


V 

•q 

Quiescent Current 

Output High 



3 

5 


3 

5 

mA 



Output Low 



2 

4 


2 

4 

mA 

9 jC 

Thermal Resistance, 

TO-3 



1.5 

2.5 


1.5 

2.5 

°C/W 

Junction to Case 

T0-220 






2 

3 

°C/W 
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LT1035M/LT1035C 


ELECTRICAL CHARACTERISTICS Auxiliary Regulator (See Note 1) 







LT1035M 



LT1035C 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vo 

Output Voltage 

Tj = 25°C 


4.9 

5.0 

5.1 

4.9 

5.0 

5.1 

V 



7.2V<V, n <20V 

OmA < 1 o — 75mA 

• 

4.8 

5.0 

5.2 

4.8 

5.0 

5.2 

V 

AVq 

AIq 

Load Regulation 

7.2V< V,n< 20V 

OmA< Iq< 75mA 
(Note 2) 

• 


5 

15 


5 

15 

mV 

AVq 

Line Regulation 

7.2V< V|n< 20V 



0.2 

1 


0.2 

1 

mV/V 

AVin 


(Note 2) 

• 



2 



2 

mV/V 


Ripple Rejection 

50Hz<f< 500Hz 


74 

S 74 

dB 

'sc 

Short Circuit Current 

7.0V< V| N = 20V 



140 

250 


140 

250 

mA 

V|N 

Minimum Input Voltage to 

(Note 5) 










Maintain Regulation 

lo< 10mA 

• 

6.5 

6.2 


6.5 

6.2 


V 



l 0 = 75mA 

• 

7.2 

6.8 


7.2 

6.8 


V 


€l€CTRICRl CHARACTERISTICS Logic Control (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1035M 

TYP 

MAX 

MIN 

LT1035C 

TYP 

MAX 

UNITS 

Ven 

Enable Threshold Voltage 

7.0V< V|n< 20V 











Tj = 25°C 


1.45 

1.6 

1.7 

1.45 

1.6 

1.7 

V 




• 

1.3 

1.6 

1.8 

1.3 

1.6 

1.8 

V 


Enable Pin Current 

V EN < IV (Note 3) 


0 

1.5 

6 

0 

1.5 

6 




V en >2.4V 


0 1 1 

0 1 

/xA 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise indicated, these specifications apply for 
V IN = 10V, l o = 0mA, andTj = 25°C. 

Note 2: Line and load regulation is measured using a low duty cycle 
pulse, causing little change in the junction temperature. Effects due to 
thermal gradients and device heating must be taken into account 
separately. 


Note 3: When the enable pin is at a low logic level, current flows out of 
the enable pin. 

Note 4: Pulse length for this measurement is 20ms. 

Note 5: Input voltage is reduced until output drops by lOOmV from its 
initial value. 

Note 6: See “Guaranteed Load Current” graph. 


XTIIES 
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LT1035M/LT1035C 


tvpicai pcRFORmnnce characteristics 


Minimum Input-Output 
Differential of Main Output 



0 0.5 1.0 1.5 2.0 2.5 3.0 

OUTPUT CURRENT (A) 

Short Circuit Output Current 



4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (V) 


Minimum Input-Output 



0 20 40 60 80 100 

OUTPUT CURRENT (mA) 


Load Transient Response 


1 

C OUT= 

1 

2.2/cF TANT 

L 





r 

■ 1 

*OUT= 

1A 

-0.2A 














'OUT = 

10|cF 

TANT 






















A 

OUT 
=0 ?An 

i-n 






.1 1 






0 2 4 6 8 10 12 14 

TIME (/tS) 


Output Voltage as Function of 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Ripple Rejection 



Maximum Available Load 
Current-Main Output 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

Line Transient Response 


□ 



o 



0 2 4 6 8 10 12 14 

TIME tos) 


Output Impedance 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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CURRENT FORCED INTO OUTPUT (mA) CURRENT (M) 


LT1035M/LT1035C 


typical PCRFonmnncc charactcristics 


Enable Pin Characteristics 



0 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 20 
ENABLE VOLTAGE (V) 


Enable Threshold 


Output Switching 
Characteristics 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



0 2 4 6 8 10 12 14 16 18 

TIME OiS) 


Output Characteristics in 
Low State 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

OUTPUT VOLTAGE (V) 


Quiescent Current 



0 2 4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (V) 

*I Q IS NEARLY INDEPENDENT OF TEMPERATURE 


Output Noise 



100 300 Ik 3k 10k 30k 

BANDWIDTH (1 POLE) 



xtum 
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LT1035M/LT1035C 


nppucfflions uiFORmnnon 

General Information 

The LT1035 is a dual output 5V regulator. The main out- 
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary output 
supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to ± 2% initial 
tolerance and exhibit excellent line and load regulation. 

The logic control feature makes the LT1035 ideal for 
many system applications where it is desirable to power- 
up a portion of the system for a period of time, and then 
power the system down during a standby operation. As 
an example, the LT 1 035 could be used to activate various 
memory space locations only as needed, thus saving 
substantial power dissipation and other cooling costs. 
The LT1035 could also be used to power microcomputers 
such as the 8048 series. The auxiliary supply can be 
used for RAM keep-alive during power-down operation. 
Additional power savings can be accomplished by using 
the LT1035 to power PROM, EPROM, and E 2 PR0M 
devices. During program load or look-up table opera- 
tions, the ROM type device can be activated and its con- 
tents placed in RAM, and then the ROM power can be 
removed. Or for high speed but low power data acquisi- 
tion systems, the power could be applied to fast memory, 
then the data transferred to CMOS memory. The main 
regulator can then be shut down and the CMOS memory 
can be powered by the auxiliary for lower power dissipa- 
tion. Other applications such as multiple power supply 
sequencing, elimination of expensive AC and DC power 
switches, delayed start applications, switching 5V DC 
loads, and many others are now easily accomplished. 

Timing functions, such as delayed power-up or power- 
down, can also be performed directly at the enable pin. 

Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 

The low quiescent current drain of the LT1035 makes it 
useful in battery-powered or battery back-up applica- 
tions. The enable pin can be used as a “low battery” 
detector or to shut down major portions of system power, 


allowing memory portions to continue to operate from the 
auxiliary output. At low output currents, the auxiliary out- 
put will regulate with input voltage typically as low as 
6.1V, giving maximum battery life. 

Good design practice with all regulators is to bypass the 
input and output terminals. A 2/iF solid tantalum at the in- 
put and at both outputs is suggested . For the applications 
which follow, the bypass capacitors are still recom- 
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to V in, as shown in Figure 1 , or to the aux- 
iliary output. If the enable pin is left open, it will float to a 
high logic level of approximately 1 .6 V and the main out- 
put regulator will be at 5 V. 


V|N 


IjttF 


IN 


VO 


LT 1035 


EN 

m 

A UX 


-t» 2/x.F 


2 M F 


Vo 

5V 


Figure 1 

The enable pin is fully protected against input voltages up 
to 20V, even if the power input voltage is zero. 

The basic shutdown control circuit uses a direct gate 
drive or an open collector driver and a pull-up resistor 
which are tied to Vaux. as shown in Figure 2. 



Figure 2 
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LT1035M/LT1035C 


nppucnnons mFonmnnon 

Driving the Enable Pin 

The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1 .5*<A below the threshold, flowing out of the 
pin. Standard logic, such as TTL and CMOS, will inter- 
face directly to the enable pin, even if the logic output 
swing is higher than the input voltage (Vin) to the 
regulator. 1 5 V CMOS can be used to drive the enable pin, 
even if the regulator is not powered up, without loading 
the CMOS output. 



Timing functions, such as delayed power-up or power- 
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power-up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a re- 
sistor tied to the auxiliary output, the input, or to a logic 
signal should be used. The timing resistor chosen should 
provide at least 25/iA of current to ‘ ‘swamp out’ ’ the ef- 
fects of the internal current. 

Main Output Current/Voltage Characteristics 

Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of 
approximately 0.4/iS. With no capacitive load, the output 
will fall to zero in approximately 0.8/iS (R[_=2Q-100fi). 
With a capacitive load, fall time is limited by the RC prod- 
uct of the load and the output capacitance. For light loads 
( R i_> 4000) , the discharge time is controlled by an inter- 
nal current pull-down of 15mA for output voltages down 
to 1.5V. Below 1.5V, the pull-down current drops to 
=4mA. The DC output voltage in the shutdown mode is 
approximately 0.07V for input voltages (V in) up to 12V. If 
Vin is 20V, the output during shutdown will be approx- 
imately 0.15V due to an internal current path in the 
regulator. 


< 

E 


Output Characteristics in Low 
State 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

OUTPUT VOLTAGE (V) 


Figure 4 

The user should note that the output in the low state can 
only sink about 3mA. If current is forced into the output, 
the output voltage will rise to IVat 5mA and about 1 .5V at 
10mA. With no output capacitor, the rise time of the main 
output is about 3/*s. With an output capacitor, rise time is 
limited by the short circuit current of the LT1035 and the 
load capacitance; t r «(C) (5V)/4A. A 10/tF output 
capacitor slows the output rise time to approximately 1 2/is. 



Output Current 

The main output current limits at about 4A for input 
voltages below 12.5V. Internal foldback, or “power 
limiting”, circuitry detects the input-output voltage dif- 
ferential and reduces current limit for input to output 
voltages exceeding 7.5V. With 20V input, for instance, 
short circuit current is reduced to =2.4A. 

An additional feature of the LT1035 is that the auxiliary 
supply does not incorporate, nor is it affected by, thermal 
shutdown. Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 

The following applications circuits will serve to indicate 
the versatility of the LT1035. 
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LT1035M/LT1035C 
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TYPICAL APPLICATION 


Proportional Motor Speed Controller 



High Input Voltage Detection 

TRANSFORMER AND 
RECTIFIER SET 



IS OVER VOLTAGED TO 220VAC. 


Opto-Coupled Output Control Push-On, Push-Off 



SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 


Latch-Off when Output Short Delayed Power-Up 










TYPICAL APPLICATION 


Fast Electronic Circuit Breaker Battery Voltage Sensing Circuit 



Memory Save on Power-Down 



Line Dropout Detector 


TO FILTERED 
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LT1035M/LT1035C 


TYPICAL APPLICATIONS 


Low Dissipation Regulator 


Regulator Losses at Iqut = 3A 
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LT1035M/LT1035C 


PACKAGC D6SCAIPTIOA 

T0-220 Package (5 Lead) 




T jMAX 

e jC 

LT1035C 

125°C 

3°C/W 


4-Pin Metal Package Similar to JEDEC TO-3 




T jMAX 

e jC 

LT1035M 

150°C 

2.5°C/W 

LT1035C 

125°C 

2.5°C/W 
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LT1036M/LT1036C 


rruum 

JKLmF TECHNOLOGY 


F€RTUR€S 

■ Two Regulated Outputs 

+ 12V at 3A 
+ 5Vat75mA 

■ 2% Output Voltage Tolerance 

■ 60dB Ripple Rejection 

■ 0.7% Load Regulation 

■ TTL and CMOS Compatible Logic Control 

■ 100% Thermal Burn-In on All Devices 


RPPUCATIOnS 

■ Power Supply Sequencing 

■ Remote On/Off Power Control 

■ Selective System Power during Emergency Power 
Operation 

■ Power Supply with Back-Up 


Logic Controlled Regulator 

D€SCRIPTIOn 

The LT1036 features two positive regulators in the same 
package. The 12V main regulator offers excellent per- 
formance while supplying load currents up to 3A, and the 
5 V auxiliary regulator provides similar performance while 
supplying lighter loads of 75mA. The main regulator has 
the additional feature of being under the shutdown control 
of a logic signal. When the enable pin is taken to a low 
logic level, the main regulator shuts down and its output 
voltage goes to near 0V. During this command, the auxil- 
iary output is unaffected by the main regulator’s condition 
and continues to provide a 5V output. 

The main output has current and power limiting combined 
with thermal shutdown to make it virtually blowout proof. 
The auxiliary output is not affected by the thermal shut- 
down mechanism or the state of the main output, allowing 
it to be used as a back-up in case of overloads or shorts on 
the main supply. 

The logic input of the LT1036 (enable pin) has a 1.6V 
threshold and can be driven from a high source impe- 
dance. This allows it to be driven by most logic families, 
including TTL and CMOS. 

For a dual 5V version of the LT1036, please see the LT1035 
data sheet. 


Functional Diagram 



Guaranteed Load Current, 12V 



14 16 18 20 22 24 26 28 30 

INPUT VOLTAGE (V) 


XTIJISi 
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LT1036M/LT1036C 


absolute mnximum ratirgs 


Power Dissipation-Continuous (Note 6) 24W 

Power Dissipation-Fault Conditions . . Internally Limited 

Input Voltage (Vin) 30V 

Enable Voltage (V E n) 30 V 

Operating Junction Temperature 

LT1036M -55°Cto150°C 

LT1036C 0°Cto125°C 

Storage -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PA€COflDITIOninG 

100% Bum-In in Thermal Limit 


PACKAGC/ORDER IRFORfllATIOfl 



ELECTRICAL CHARACTERISTICS Main Regulator (See Note 1) Vin = 15V unless otherwise specified 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1036M/C 

TYP 

MAX 

UNITS 

Vo 

Output Voltage 

Tj = 25°C 


11.76 

12 

12.24 

V 


High 

15V<V in <30V 

• 

11.52 


12.48 

V 



■out ^ •max (Note 6) 







Low 

7V<V )N <30V 

• 


0.1 

0.3 

V 

AV 0 

Load Regulation (Note 6) 

V| N = 16V 






AIq 


0<l o <3A(Note 2) 

• 


10 

80 

mV 

AV 0 

Line Regulation 

15V<V, n <30V 



1 

4 

mV/V 

AV,n 


(Note 2) 







Ripple Rejection 

50Hz<f<500Hz 


50 

60 


dB 



(Note 8) 







Thermal Regulation 

AP d = 20W (Note 4) 



0.003 

0.012 

%/W 

•o 

Available Load Current (Note 6) 

15V<V, n <20V 

• 

3 

4 


A 



V|n = 25V 

• 

2 

2.7 


A 

■sc 

Short Circuit Current 

V, n = 15V 

1 


2.3 

4 

A 



V JN = 25V 



1 

2 

A 

V|N 

Input Voltage to Maintain 

(Note 5) 







Regulation (Dropout Voltage) 

l 0 = 1A 

• 


13.8 

14.5 

V 



l 0 = 3A 

• 


14.4 

15 

V 

Iq 

Quiescent Current 

Output High 



4 

5.5 

mA 



Output Low 



3 

4.5 

mA 

9jC 

Thermal Resistance, 

TO-3 



1.5 

2.5 

°C/W 


Junction to Case 

TO-220 



2 

3 

°C/W 
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LT1036M/LT1036C 


€L€CTRICRL CHARACTERISTICS Auxiliary Regulator (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1036M/C 

TYP 

MAX 

UNITS 

Vo 

Output Voltage 

Tj = 25°C 


4.9 

5.0 

5.1 

V 



7.2V <V, N < 30V 
0mA<l o <75mA 

• 

4.8 

5.0 

5.2 

V 

AVp 

AIq 

Load Regulation 

7.2V <V| N < 30V 

OmA <Iq< 75mA 
(Note 2) 

i 

• 

i 


5 

15 

mV 

AVo 

Line Regulation 

7.2 V <V, N < 30 V 

i 


0.2 

1 

mV/V 

AV,n 

l 

(Note 2) 

• 



2 

mV/V 


Ripple Rejection 

50Hz<f<500Hz 


! 74 

dB 

■sc 

Short Circuit Current (Note 7) 

7.0 V <V, N = 30 V 



140 

250 

mA 

V|N 

Input Voltage to Maintain 

(Note 5) 

1 

i 






Regulation (Dropout Voltage) 

l o <10mA 

• 


6.2 

6.5 

V 



l 0 = 75mA 

• 


6.8 

7.2 

V 


ELECTRICAL CHARACTERISTICS Logic Control (See Note 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1036M/C 

MIN TYP MAX 

UNITS 

Ven 

Enable Threshold Voltage 

7.0V <V| N < 30V 

Tj = 25°C 

• 

1.45 1.6 1.7 

1.3 1.6 1.8 

V 

V 


Enable Pin Current 

V EN <1V(Note3) 

• 

0 1.5 12 


V en >2.4V 

• 

0 6 

/xA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Unless otherwise indicated, these specifications apply for 
V|n = 15V, l 0 = OmA, and Tj = 25°C. 

Note 2: Line and load regulation is measured using a low duty cycle pulse, 
causing little change in the junction temperature. Effects due to thermal 
gradients and device heating must be taken into account separately. 


Note 3: When the enable pin is at a low logic level, current flows out of the 
enable pin. 

Note 4: Pulse length for this measurement is 20ms. 

Note 5: Input voltage is reduced until output drops by lOOmV from its initial 
value. 

Note 6: See “Guaranteed Load Current” graph. 

Note 7: Continuous shorts on the auxiliary output are not allowed unless 
adequate heat sinking is used to maintain junction temperature below 
150°C. 

Note 8: Guaranteed but not tested. 


TVPICAL PERFORmARCE CHARACTERISTICS 


Minimum Input-Output 



0 0.5 1.0 1 5 2.0 2.5 3 0 

OUTPUT CURRENT (A) 


Minimum Input-Output 
Differential of Auxiliary Output 



0 20 40 60 80 100 * 

OUTPUT CURRENT (mA) 


Line Transient Response, 12V 
Output 
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CURRENT (A) LOAD OUTPUT VOLTAGES CURRENT (A) 

TRANSIENT (A) CHANGE (mV) 


LT1036M/LT1036C 


TYPICAL PCRFORfllARCC CHARACTERISTICS 


Maximum Available Load 

Current, 12V Output Quiescent Current Output Voltage vs Temperature 
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nppucOTions mFORmmion 

General Information 

The LT1036 is a dual output regulator. The main 12V out- 
put is capable of delivering up to 3A of load current and 
can be shut down with a logic signal. The auxiliary 5V out- 
put supplies a minimum of 75mA and is unaffected by the 
logic signal. The outputs are trimmed to ± 2% initial toler- 
ance and exhibit excellent line and load regulation. 

The logic control feature makes the LT1036 ideal for many 
system applications where it is desirable to power-up a 
portion of the system for a period of time, and then power 
the system down during a standby operation. Applications 
such as multiple power supply sequencing, elimination of 
expensive AC and DC power switches, delayed start ap- 
plications, switching 12V DC loads, and many others are 
now easily accomplished. 

Timing functions, such as delayed power-up or power- 
down, can also be performed directly at the enable pin. 

Because a logic low on the enable pin shuts down the 
main regulator, feedback from output to enable can be 
used to generate hysteresis or latching functions. 

The low quiescent current drain of the LT1036 makes it 
useful in battery-powered or battery back-up applications. 
The enable pin can be used as a “low battery” detector or 
to shut down major portions of system power, allowing 
memory portions to continue to operate from the auxiliary 
output. At low output currents, the auxiliary output will 
regulate with input voltage typically as low as 6.2V, giving 
maximum battery life. 

Good design practice with all regulators is to bypass the 
input and output terminals. A 2/tF solid tantalum at the in- 
put and at both outputs is suggested. For the applications 
which follow, the bypass capacitors are still recom- 
mended, but for simplicity are not shown on the diagram. 
It is also recommended that for maximum noise immunity 
the voltage enable pin be tied high if it is unused. It can be 
tied directly to % as shown in Figure 1, or to the auxiliary 
output. If the enable pin is left open, it will float to a high 
logic level of approximately 1.6V and the main output 
regulator will be at 12V. 

The enable pin is fully protected against input voltages up 
to 30V, even if the power input voltage is zero. 


The basic shutdown control circuit uses a direct gate drive 
or an open collector driver and a pull-up resistor which are 
tied to Vaux. as shown in Figure 2. 


Vm 


— 

m : /I 

Vo 


LTT036 


— 

1 

m 

AUX 



Vo + 12V 
5V 


Figure 1 



Figure 2 

Driving the Enable Pin 


The enable pin equivalent schematic is shown in Figure 3. 
Basically, enable pin current is zero above the threshold 
and about 1.5/iA below the threshold, flowing out of the 
pin. Standard logic, such as TTL and CMOS, will interface 
directly to the enable pin, even if the logic output swing is 
higher than the input voltage (Vin) to the regulator. 15V 
CMOS can be used to drive the enable pin, even if the 
regulator is not powered up, without loading the CMOS 
output. 



Timing functions, such as delayed power-up or power- 
down, can be implemented by driving the enable pin with 
an RC network. The current flowing out of the enable pin 
should not be used as the timing current in delayed 
power-up applications as it is temperature sensitive and 
varies somewhat from device to device. Instead, a resistor 
tied to the auxiliary output, the input, or to a logic signal 


XTUDS® 
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APPUCATIOAS mFOAfllRTIOn 

should be used. The timing resistor chosen should provide 
at least 25/tA of current to “swamp out” the effects of the 
internal current. 

Main Output Current/Voltage Characteristics 

Following a high to low transition at the enable pin, the 
main regulator output will begin to drop after a delay of ap- 
proximately 0.4/is. With no capacitive load, the output will 
fall to zero in approximately 0.8/iS (Rl=40 to 100ft). With a 
capacitive load, fall time is limited by the RC product of 
the load and the output capacitance. For light loads 
(Rl>4000), the discharge time is controlled by an internal 
current pull-down of 15mA for output voltages down to 
1.5V. Below 1.5V, the pull-down current drops to =4mA. 
The DC output voltage in the shutdown mode is approxi- 
mately 0.12V due to an internal current path in the 
regulator. (See Figure 4) 

The user should note that the output in the low state can 
only sink about 3mA. If current is forced into the output, 
the output voltage will rise to IV at 5mA and about 1.5V at 
10mA. With no output capacitor, the rise time of the main 
output is about 12/jS. With an output capacitor, rise time is 
limited by the short circuit current of the LT1036 and the 
load capacitance. A 10/tF output capacitor slows the out- 
put rise time to approximately 80/js. 


Output Current 

The main output current limits at about 4A for input volt- 
ages below 20 V. Internal foldback, or “power limiting”, cir- 
cuitry detects the input-output voltage differential and 
reduces current limit for input to output voltages exceed- 
ing 8V. With 25V input, for instance, short circuit current is 
reduced to *0.9A. 

An additional feature of the LT1036 is that the auxiliary 
supply does not incorporate, nor is it affected by, thermal 
shutdown. Any fault condition of the main regulator will 
not affect the auxiliary output voltage. 

The following applications circuits will serve to indicate 
the versatility of the LT1036. 



0 0.2 0 4 0.6 0 8 1.0 1 2 14 1.6 

OUTPUT VOLTAGE (V) 


Figure 4 


TYPICAL APPLICATION 

Fast Turn-Off, Delayed Turn-On 




Latch-Off with Output Short 


Delayed Power-Up 


Thermal Cutoff at High Ambient Temperature 
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TVPICRL flPPLICHTIOnS 


First-On, Last-Off Sequencing 


First-On, First-Off Sequencing 




Line Dropout Detector 


TO SECONDARY 
OF AC 
F>OWER 

TRANSFORMER 




+12V 


+ 5V AUXILIARY 


DROPOUT 

SIGNAL 


Low Dissipation Regulator 


Opto-Coupied Output Control 



IN THE LT1036 OVER A 90VAC-140VAC INPUT RANGE. 


* SR 
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mm 
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II 
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• +5V 


■ COUPLER “ON” = OUTPUT "ON” 


SELECT R DEPENDING UPON THE 
ON-RESISTANCE OF THE OPTO COUPLER 
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PACKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


T0-220 Package (5 Lead) 



4-Pin Metal Package Similar to JEDEC TO-3 
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Voltage Regulator 


F€ATUft€S 

■ Guaranteed 0.8% Initial Tolerance 

■ Guaranteed 0.4% Load Regulation 

■ Guaranteed 10 Amp Output Current 

■ 100% Thermal Limit Burn-in 

■ 24 Amp Transient Output Current 

■ Standard Adjustable Pinout 

■ Operates to 35V 


flppucOTions 

■ System Power Supplies 

■ High Power Linear Regulator 

■ Battery Chargers 

■ Power Driver 

■ Constant Current Regulator 


DCSCRIPTIOfl 

The LT 1 038 is a three terminal regulator which is capable 
of providing in excess of 10 amps output current over 
1 . 2V to 32 V range. The device is packaged in a standard 
TO-3 power package, and is piug-in compatible with 
industry standard adjustable regulators, such as the 
LM1 17 and LM138. Also, the LT1038 is a functional re- 
placement for the LM396. 


In addition to excellent load and line regulations, the 
LT 1 038 is fully protected by current limiting, safe area 
protection and thermal shutdown. New current limiting 
circuitry allows transient load currents up to 24 amps 
to be supplied for 500/*s without causing the regulator 
to current limit and drop out of regulation during the 
transient. 



On-chip trimming of initial reference voltage to ±0.8% 
combined with 0.4% load regulation minimize errors in 
all high current applications. Further, the LT1038 is 
manufactured with standard bipolar processing and has 
Linear Technology’s high reliability. 



Load Regulation 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 
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LT1038 


absolute mnximum ratiags 


Power Dissipation Internally Limited 

I nput to Output Voltage Differential 35V 

Operating Junction Temperature Range 
LT1038M 

Control Circuitry -55°Cto150°C 

Power Transistor -55°Cto200°C 

LT1038C 

Control Circuitry 0°Cto125°C 

Power Transistor 0°Cto175°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORfYIRTIOR 



PRCCORDITIORIRG 100% THERMAL LIMIT BURN-IN 


€L€CTRICRL CHARACTERISTICS (seeNotei) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1038M 

MIN TYP MAX 

LT1038C 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

1 out = 20mA, Tj = 25°C 


f .24 1.25 1.26 

1.23 1.25 1.275 

V 

3V<(V in -V 0UT )^35V 
20mA<l OU T^10A, P<75W 

• 

1.22 1.25 1.285 

1.22 1.25 1.285 

V 

av out 

av, n 

Line Regulation 

3V<(V| N -V 0UT )<35V, 

1 out = 20mA (See Note 2) 

T a = 25°C 

• 

0.005 0.01 

0.02 0.03 

0.005 0.02 

0.02 0.03 

%/v 

%/v 

av out 

ai out 

Load Regulation 

20mA <1 out ^10A 
(See Note 2) 

T a = 25°C 

3V<(V, n -V 0U t)^35V 

3V<(V in -V 0UT )^35V 

• 

0.1 0.4 

0.3 0.8 

0.1 0.6 

0.3 1 

% 

% 


Thermal Regulation 

T a = 25°C, 20ms Pulse 


0.002 0.005 

0.002 0.01 

%/w 


Ripple Rejection 

.. _____ 

V 0UT = 10V, f = 120Hz 

C ADJ = ° 

c adj = 1 0a f 

• 

• 

60 

60 75 

60 

60 75 

dB 

dB 

■adj 

Adjust Pin Current 


• 

50 100 

50 100 

mA 

ai adj 

Adjust Pin Current 
Change 

20mA <1 out ^10A 
3V<(V in -V 0U t)^35V 

• 

0.2 3 

0.2 3 

pA 


Minimum Load 

Current 

(V|n-V 0 ut) = 35V 
(V 1n -V out )^20V 

• 

• 

7 20 

10 

7 20 

10 

mA 

mA 

( sc 

Current Limit 

(V 1n -V out )^10V 

DC 

Transient (0.5ms) 

• 

10 14 

14 22 

10 14 

14 22 

A 

A 

(V in -V out ) = 30V,T ) =25°C 


1 2 

1 2 

A 

av out 

ATemp 

Temperature Stability 


• 

1 2 

1 

% 
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LT1038 


CLCCTRICRL CHRRRCKRISTICS ( see Note d 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1038M 

MIN TYP MAX 

LT1038C 

MIN TYP MAX 

UNITS 

A V OUT 

ATime 

Long Term Stability 

T A = 125°C, 1000 Hours 


0.3 1 

0.3 1 

% 

e n 

RMS Output Noise 
(% Of Vqut) 

T a = 25°C, 

10Hz<f<10kHz 


0.001 

0.001 

% 

Qjc 

Thermal Resistance 
Junction to Case 

Power Transistor 

Control Circuitry 

• 

1 

0.5 

1 

0.5 

°c/w 

°c/w 


The • denotes the specifications which apply over the full operating Note 2: See thermal regulation specifications for changes in output 

temperature range. voltage due to heating effects. Load and line regulation are measured at a 

Note 1: Unless otherwise specified, these specifications apply: constant junction temperature by low duty cycle pulse testing. 

v in~ v out = 5V and !out = 5A. These specifications are applicable for 

power dissipations up to 75W. At input-output voltage differentials 

greater than 10V, achievable output current and power dissipation 

decrease due to protection circuitry. 
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General 

The LT1 038 develops a 1 . 25V reference voltage between 
the output and the adjustment terminal (see Figure 1 ) . By 
placing a resistor, R1, between these two terminals, a 
constant current is caused to flow through R1 and down 
through R2 to set the overall output voltage. Normally this 
current is the specified minimum load current of 10 or 
20mA. Because Iadj is very small and constant when 
compared with the current through R1 , it represents a 
small error and can usually be ignored. 

Bypass Capacitors 

Input bypassing using a 1 n F tantalum or 25/iF electrolytic 
is recommended when the input filter capacitors are more 
than 5 inches from the device. Improved ripple rejection 
(80dB) can be accomplished by adding a 10/tF capacitor 
from the adjust pin to ground. Increasing the size of the 
capacitor to 20y*F will help ripple rejection at low output 
voltage since the reactance of this capacitor should be 
small compared to the voltage setting resistor, R2. For im- 
proved AC transient response and to prevent the possibil- 


ity of oscillation due to unknown reactive load, a 1/tF 
capacitor is also recommended at the output. Because of 
their low impedance at high frequencies, the best type of 
capacitor to use is solid tantalum. 


Protection Diodes 


The LT1038 does not require a protection diode from the 
adjustment terminal to the output (see Figure 2). Im- 
proved internal circuitry eliminates the need for this diode 
when the adjustment pin is bypassed with a capacitor to 
improve ripple rejection. 


If a very large output capacitor is used, such as a 100/tF 
shown in Figure 2, the regulator could be damaged or de- 
stroyed if the input is accidentally shorted to ground or 
crowbarred, due to the output capacitor discharging into 
the output terminal of the regulator. To prevent this, a 
diode, D1 as shown, is recommended to safely discharge 
the capacitor. 



D1 

1N4002 


V|N 




Figure 1. Basic Adjustable Regulator 


Figure 2 
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Load Regulation 


Because the LT1038 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the bottom 
of the package. Negative side sensing can be a true 
Kelvin connection if the bottom of resistor R2 is returned 
to the negative side of the load . Although it may not be im- 
mediately obvious, best load regulation is obtained when 
the top of the resistor divider, R1 , is connected directly to 
the case, not to the load. This is illustrated in Figure 3. If 


R1 were connected to the load, the effective resistance 
between the regulator and the load would be 


Rp x 


R2+Rl\ 
. R1 / 


Rp = Parasitic Line Resistance. 


Connected as shown, R p is not multiplied by the divider 
ratio. R p is about 0.00412 per foot using 16 gauge wire. 
This translates to 4mV/ft at 1A load current, so it is im- 
portant to keep the lead between the regulator and the 
load as short as possible, and use large wire or PC board 
traces. 



Figure 3. Connections for Best Load Regulation 


TYPICAL APPLICOTIOnS Paralleling Regulators 
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LT1038 



GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR TO LOWER POWER 
DISSIPATION. ABOUT 4V DIFFERENTIAL IS MAINTAINED ACROSS THE LT1038 
INDEPENDENT OF OUTPUT VOLTAGE AND LOAD CURRENT. 


XTU 
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TYPICAL APPLICATION 


Improving Ripple Rejection 



*C1 IMPROVES RIPPLE REJECTION. X c SHOULD 
BE SMALL COMPARED TO R2. 


1.2V-25V Adjustable Regulator 



‘NEEDED IF DEVICE IS FAR FROM FILTER CAPACITORS 
tOPTIONAL— IMPROVES TRANSIENT RESPONSE 


++ V 0UT =1.25V (l+g) 


5V Regulator with Shutdown 
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TYPICAL APPUCATIOnS 


Remote Sensing 




Temperature Compensated Lead Acid 
Battery Charger 



XTUQS* 
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TYPICAL APPLICATION 


Lamp Flasher Automatic Light Control 



Protected High Current Lamp Driver 
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PflCKAGC DCSCRIPTIOD 


K Package TO-3 Steel Metal Can 
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LT1083/LT1084/LT1085 


FEATURES 

■ Three Terminal Adjustable 

■ Output Current of 3A,5A or 7.5A 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ 0.015% Line Regulation 

■ 0.01% Load Regulation 

■ 100% Thermal Limit Burn-In 

■ Fixed Versions Available 


APPUCflTIOnS 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Constant Current Regulators 

■ Battery Chargers 


DEVICE 

OUTPUT CURRENT* 

LT1083 

7.5 Amps 

LT1084 

5.0 Amps 

LT1085 

3.0 Amps 


* For a 1 .5A low dropout regulator see the LT 1086 data sheet. 


7.5A, 5A, 3A Low Dropout 
Positive Adjustable Regulators 

DESCRIPTOR 

The LT1083 series of positive adjustable regulators are de- 
signed to provide 7.5A, 5A and 3A with higher efficiency 
than currently available devices. All internal circuitry is de- 
signed to operate down to IV input to output differential 
and the dropout voltage is fully specified as a function of 
load current. Dropout is guaranteed at a maximum of 1.5V 
at maximum output current, decreasing at lower load cur- 
rents. On-chip trimming adjusts the reference voltage to 
1%. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. 

The LT1083/84/85 series devices are pin compatible with 
older 3 terminal regulators. A 10/tF output capacitor is re- 
quired on these new devices; however, this is usually in- 
cluded in most regulator designs. 

Unlike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1083 quiescent 
current flows into the load, increasing efficiency. 


5V, 7.5A Regulator 


V 1N >6.5V — 
10/tF 



LT1083 


•REQUIRED FOR STABILITY 



— 5V AT 7.5A 

± 10/tF* 

N TANTALUM 


Dropout Voltage vs 
Output Current 



o I FULL LOAD/ 2 I FULL LOAD 

OUTPUT CURRENT (A) 


XTunsi 
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LT1083/LT1084/LT1085 


absolute mnximum ratirgs 


Power Dissipation Internally Limited 

Input to Output Voltage Differential 

“M" Grades 35V 

“C” Grades 30V 

Operating Junction Temperature Range 
“M” Grades 

Control Section -55°C to 150°C 

Power Transistor -55°Cto200°C 

“C” Grades 

Control Section 0°C to 125°C 

Power Transistor 0°C to 150°C 

Storage Temperature -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


pAtconDiTioninG 

100% Thermal Limit Burn-In 


PACKAGC/ORDER IRFORfflRTIOR 


BOTTOM VIEW 


ORDER 

PART NUMBER 


K PACKAGE 
TO-3 METAL CAN 


LT1083MK LT1084CK 
LT1083CK LT1085MK 
LT1084MK LT1085CK 



FRONT VIEW 



LT1083CP 

LT1084CP 


P PACKAGE 
T0-3P PLASTIC 



FRONT 

VIEW 



□= > 


LT1084CT 

LT1085CT 


T PACKAGE 
T0-220 PLASTIC 


ClECTRICAl CHARACTERISTICS (See Note 1) 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Reference Voltage 

| 0UT = 10mA, Tj = 25°C, 







(Vin - Vout) = 3V (K Package Only) 


1.238 

1.250 

1.262 

V 


1 0mA <I 0 U t<Ifull load 







1 .5V < (V IN - V 0UT ) < 25V (Notes 3, 5) 

• 

1.225 

1.250 

1.270 

V 

Line Regulation 

Iload = 10mA, 1 ,5V <(V, N - V 0UT )<15V, Tj = 25°C 



0.015 

0.2 

% 



• 


0.035 

0.2 

% 


M Grade 







15V<(V| N -V OUT )<35V 

• 


0.05 

0.5 

% 


C Grade 







1 5V < (V,n — V 0UT ) — 30V 

• 


0.05 

0.5 

% 


(Notes 1,2) 






Load Regulation 

(Vin- V our) =3V 







1 0mA < l 0UT < 1 full load 







Tj = 25°C (Notes 1,2, 3,5) 



0.1 

0.3 

% 



• 


0.2 

0.4 

% 

Dropout Voltage 

^Vref = 1 %» Iout = •full load. (Notes 4, 5) 

• 


1.3 

1.5 

V 

Current Limit 







LT1083 

(Vin-Vout)=5V 

• 

8.0 

9.5 


A 


(V| N -V OU t) = 25V 

• 

0.4 

1.0 


A 

LT1084 

(V| N -Vout) = 5V 

• 

5.5 

6.5 


A 


(Vin- Vout) = 25V 

• 

0.3 

0.6 


A 

LT1085 

(Vin-Vout)=5V 

• 

3.2 

4 


A 


(Vin — V 0UT ) = 25 V 

• 

0.2 

0.5 


A 
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LT1083/LT1084/LT1085 


€l€CTRICAl CHARACTERISTICS (See Note 1) 


PARAMETER 

1 CONDITIONS j 

MIN TYP MAX 

UNITS 

Minimum Load Current 

(V| N -Vout) = 25V 

• 

5 10 

mA 

Thermal Regulation 

T a = 25°C, 30ms pulse 




LT1083 



0.002 0.01 

%/W 

LT1084 



0.003 0.015 

%/W 

LT1085 



0.004 0.02 

%/W 

Ripple Rejection 

f = 120Hz 





C ADJ = 25#iF, Gout = 25/iF Tantalum 





'out = 'full load. (Vin ~ v out) = 3V (Note 5) 

• 

60 75 

dB 

Adjust Pin Current 

_rH 

II 

l\3 

cn 

o 

O 


55 




• 

120 


Adjust Pin Current Change 

1 0mA < Iqut ^ 'full load 





1 .5V < (V| N - V 0UT ) < 25V (Note 5) 

• 

0.2 5 

fiA 

Temperature Stability 


• 

0.5 

% 

Long Term Stability 

T A = 125°C, 1000 Hrs. 


0.3 1 

’ % 

RMS Output Noise (% of V 0 U t) 

II 

£ 

O 





10Hz = <f<10kHz 


0.003 

% 

Thermal Resistance 

[ 




Junction to Case 

i 




LT1083 

K Package: Control Circuitry/Power Transistor 


0.6/1 .6 

°c/w 


P Package: Control Circuitry/Power Transistor 


0.5/1 .6 

°c/w 

LT1084 

K Package: Control Circuitry/Power Transistor 


0.75/2.3 

°c/w 


P Package: Control Circuitry/Power Transistor 


0.65/2.3 

°c/w 


T Package: Control Circuitry/Power Transistor 


0.65/2.7 

°c/w 

LT1085 

K Package: Control Circuitry/Power Transistor 


0.9/3.0 

°c/w 


T Package: Control Circuitry/Power Transistor 


0.7/3.0 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output volt- 
age due to heating effects. Load and line regulation are measured at a con- 
stant junction temperature by low duty cycle pulse testing. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation (60W for the LT1083, 45W for the LT1084 (K, P), 30W for the 
LT 1 084 (T) and 30W for the LT1085). Power dissipation is determined by the 
input/output differential and the output current. Guaranteed maximum 
power dissipation will not be available over the full input/output voltage 
range. 


Note 3: l FULL load is defined in the current limit curves. The l FULL load curve 
is defined as the minimum value of current limit as a function of input to 
output voltage. Note that the 60W power dissipation for the LT1083 (45W for 
the LT1084 (K, P), 30W for the LT1084 (T), 30W for the LT1085) is only achiev- 
able over a limited range of input to output voltage. 

Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 5: For LT 1 083 l FULL L0AD is 5A for -55°C<Tj< -40°Cand7.5Afor 
Tj> -40°C. 


TYPICAL PCRFORfflARCE CHARACTERISTICS 


LT1083 Dropout Voltage 



01 23456789 10 

OUTPUT CURRENT (A) 


LT1083 Short Circuit Current 



LT1083 Load Regulation 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


XTUBS 
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MINIMUM OPERATING CURRENT (mA) MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) MINIMUM INPUT/OUTPUT DIFFERENTIAL (V) 


LT1083/LT1084/LT1085 


TVPICAl PCRFORfflAACC CHRAACTCRISTICS 


LT1084 Dropout Voltage 



0 1 2 3 4 5 6 

OUTPUT CURRENT (A) 


LT1084 Short Circuit Current 



0 5 10 15 20 25 30 35 

INPUT/OUTPUT DIFFERENTIAL (V) 


LT1084 Load Regulation 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


LT1085 Dropout Voltage 



0 12 3 4 

OUTPUT CURRENT (A) 



LT1085 Load Regulation 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Minimum Operating Current 



0 5 10 15 20 25 30 35 

INPUT/OUTPUT DIFFERENTIAL (V) 


Temperature Stability 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Adjust Pin Current 



-50 -25 0 25 50 75 100 125 150 
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RIPPLE REJECTION (dB) RIPPLE REJECTION (dB) RIPPLE REJECTION (dB) 
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tvpicri PERFORmnnce characteristics 


LT1083 Ripple Rejection LT1083 Rippie Rejection vs Current LT1083 Maximum Power Dissipation* 
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LT1084 Ripple Rejection LT1084 Ripple Rejection vs Current LT1084 Maximum Power Dissipation* 
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LT1085 Ripple Rejection LT1085 Ripple Rejection vs Current LT1085 Maximum Power Dissipation* 
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LT1083 Load Transient Response LT1084 Load Transient Response LT1085 Load Transient Response 



0 50 100 0 50 100 0 50 100 

TIME fcs) TIME (/ts) TIME (ms) 


LT1083 Line Transient Response LT1084 Line Transient Response LT1085 Line Transient Response 



TIME (fts) TIME (ms) TIME (jtS) 


APPUCATIOn HIATS 

The LT1083 family of three terminal adjustable regulators 
is easy to use and has all the protection features that are 
expected in high performance voltage regulators. They are 
short circuit protected, have safe area protection as well 
as thermal shutdown to turn off the regulator should the 
temperature exceed about 165°C. 

These regulators are pin compatible with older three 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer- 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1083 family and older regulators is that they 
require an output capacitor for stability. 


Stability 

The circuit design used in the LT1083 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150jiF aluminum electrolytic or a 22/iF solid tantalum on 
the output will ensure stability. Normally, capacitors 
much smaller than this can be used with the LT1083. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ± 100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient.The 150f»F or 22 fl F values given will ensure stability. 
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RPPUCRTIOR HIRTS 

When the adjustment terminal is bypassed to improve the 
ripple rejection, the requirement for an output capacitor 
increases. The values of 22/iF tantalum or 150/tF aluminum 
cover all cases of bypassing the adjustment terminal. 
Without bypassing the adjustment terminal, smaller 
capacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
needed to ensure stability. 


Recommended Capacitor Values 


Input 

Output 

Adjustment 

10/zF 

10/iF Tantalum, 50/iF Aluminum 

None 

10/iF 

22/iF Tantalum, 150/iF Aluminum 

20/iF 


Normally, capacitor values on the order of lOOfiF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1083 regulators. 

Another possible stability problem that can occur in 
monolithic 1C regulators is current limit oscillations. 
These can occur because, in current limit, the safe area 
protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input-to- 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes cur- 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1083 series and has been present on 
all power 1C regulators. The value of the negative re- 
sistance is a function of how fast the current limit is 
folded back as input-to-output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob- 
lem, it is not necessarily easy to solve; however it does not 
cause any problems with the 1C regulator and can usually 
be ignored. 

Protection Diodes 

In normal operation, the LT1083 family does not need any 
protection diodes. Older adjustable regulators required 


protection diodes between the adjustment pin and the out- 
put and from the output to the input to prevent overstress- 
ing the die. The internal current paths on the LT1083 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short circuit 
conditions. 

Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1083 family can handle microsecond surge cur- 
rents of 50A to 100A. Even with large output capacitances, 
it is very difficult to get those values of surge currents in 
normal operations. Only with high value of output capaci- 
tors, such as 1000 /jF to 5000 /jF and with the input pin in- 
stantaneously shorted to ground, can damage occur. A 
crowbar circuit at the input of the LT1083 can generate 
those kinds of currents, and a diode from output to input is 
then recommended. Normal power supply cycling or even 
plugging and unplugging in the system will not generate 
current large enough to do any damage. 

The adjustment pin can be driven on a transient basis 
+ 25 V, with respect to the output without any device 
degradation. Of course, as with any 1C regulator, exceed- 
ing the maximum input to output voltage differential 
causes the internal transistors to break down and none of 
the protection circuitry is functional. 


D1 

1N4002 

(OPTIONAL) 



Overload Recovery 

Like any of the 1C power regulators, the LT1083 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
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APPUCATIOA HIATS 

keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083 protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 

When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1083. 

The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage Is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat- 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 

Ripple Rejection 

The typical curves for ripple rejection reflect values for a 
bypassed adjustment pin. This curve will be true for all val- 
ues of output voltage. For proper bypassing, and ripple 
rejection approaching the values shown, the impedance of 
the adjust pin capacitor, at the ripple frequency should 
equal the value of R1, (normally 100Q-120Q). The size of the 
required adjust pin capacitor is a function of the input rip- 
ple frequency. At 120Hz the adjust pin capacitor should be 
13/iF if R1 = 100S2. At 10kHz only 0.16/xF is needed. 

For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (Vout/Vref). For example, 
with the output voltage equal to 5V, and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 
5V/1.25V or 4 times larger. Ripple rejection will be de- 
graded by 12dB from the value shown on the typical curve. 


Output Voltage 


The LT1083 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By plac- 
ing a resistor, R1, between these two terminals, a constant 
current is caused to flow through R1 and down through R2 
to set the overall output voltage. Normally this current is 
the specified minimum load current of 10mA. Because 
Iadj is very small and constant when compared with the 
current through R1, it represents a small error and can 
usually be ignored. 



-VoUT 


Figure 1. Basic Adjustable Regulator 
Load Regulation 

Because the LT1083 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the nega- 
tived side of the load. Although it may not be immediately 
obvious, best load regulation is obtained when the top of 
the resistor divider, (R1), is connected directly to the case 
not to the load. This is illustrated in Figure 2. If R1 were 
connected to the load, the effective resistance between 
the regulator and the load would be 

, R p = Parasitic Line Resistance. 

Connected as shown, R p is not multiplied by the divider ra- 
tio. R p is about 0.004Q per foot using 16 gauge wire. This 
translates to 4mV/ft at 1 A load current, so it is important to 
keep the positive lead between regulator and load as short 
as possible, and use large wire or PC board traces. 
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Rp 



Figure 2. Connections for Best Load Regulation 


Thermal Considerations 

The LT1083 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci- 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula- 
tions should be made for both sections to ensure that both 
thermal limits are met. 


Junction-to-case thermal resistance is specified from the 
1C junction to the bottom of the case directly below the 
die. This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Ther- 
mal compound at the case-to-heat-sink interface is 
strongly recommended. If the case of the device must be 
electrically isolated, a thermally conductive spacer can be 
used, as long as its added contribution to thermal re- 
sistance is considered. Note that the case of all devices in 
this series is electrically connected to the output. 

For example, using a LT1083CK (TO-3, Commercial) and 
assuming: 

Vin (max continuous) = 9V, Vout = 5 V, Iout = 6A, 
TamBIENT = 75°C, 0HEATSINK = 1°C/W, 

^case-to-heat-sink = 0.2°C/W for K package with 
thermal compound. 

Power dissipation under these conditions is equal to: 

Pd =(Vin- Vout) (Iout) =24W 
Junction temperature will be equal to: 

Tj = Tambient + Pd Wheat-sink + 

^CASE-TO-HEAT-SINK + 0j c ) 

For the Control Section: 

Tj = 75°C + 24W (1 °C/W + 0.2°C/W + 0.6°C/W) = 1 18°C 
1 18°C < 1 25°C = Tjmax (Control Section 
Commercial Range) 

For the Power Transistor: 

Tj = 75°C + 24W (1°C/W + 0.2°C/W + 1.6°C/W) = 142°C 
142°C < 1 50°C = Tjmax (Power Transistor 
Commercial Range) 

In both cases the junction temperature is below the maxi- 
mum rating for the respective sections, ensuring reliable 
operation. 
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TYPICAL APPUCATIOAS 


Paralleling Regulators 


Improving Ripple Rejection 




*C1 IMPROVES RIPPLE REJECTION. X c SHOULD 
BE ®R1 AT RIPPLE FREQUENCY. 


7.5A Variable Regulator 



GENERAL PURPOSE REGULATOR WITH SCR PREREGULATOR TO LOWER POWER 
DISSIPATION. ABOUT 1.7V DIFFERENTIAL IS MAINTAINED ACROSS THE LT1083 
INDEPENDENT OF OUTPUT VOLTAGE AND LOAD CURRENT. 
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TVPICAl APPLICATIONS 


High Efficiency Regulator 



1.2V-15V Adjustable Regulator 5V Regulator with Shutdown 




tVoui=1.25V (l+jj?) 


Automatic Light Control 


Protected High Current Lamp Driver 
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PACKAGE DESCRIPTION 


Dimensions in inches (millimeters) unless otherwise noted. 



MOUNTING HOLE 





0 250*0 020 
(6 350 * 0 50 8) 


4-100 


urns, 






rrunm 

Jkr/ TECHNOLOGY 


LT1083/4/5-5 

LT1083/4/5-12 


FEATURES 

■ Three Terminal Fixed 5 V and 12V 

■ Output Current of 3A,5A or 7.5A 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ 0.015% Line Regulation 

■ 0.1% Load Regulation 

■ 100% Thermal Limit Burn-In 

■ Adjustable Versions Available 


APPLICATORS 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Constant Current Regulators 

■ Battery Chargers 


DEVICE 

OUTPUT CURRENT* 

LT1083 

7.5 Amps 

LT1084 

5.0 Amps 

LT1085 

3.0 Amps 


* For a 1 .5A low dropout regulator see the LT1086 data sheet. 


3A, 5A, 7.5A Low Dropout 
Positive Fixed Regulators 

DESCRIPTOR 

The LT1083 series of positive fixed regulators are designed 
to provide 3A, 5A and 7.5A with higher efficiency than cur- 
rently available devices. All internal circuitry is designed 
to operate down to IV input to output differential and the 
dropout voltage is fully specified as a function of load cur- 
rent. Dropout is guaranteed at a maximum of 1.5V at maxi- 
mum output current, decreasing at lower load currents. 
On-chip trimming adjusts the output voltage to 1%. Cur- 
rent limit is also trimmed, minimizing the stress on both 
the regulator and power source circuitry under overload 
conditions. 

The LT1083 series devices are pin compatible with older 3 
terminal regulators. A 10/iF output capacitor is required on 
these new devices; however, this is usually included in 
most regulator designs. 

Unlike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1083 quiescent 
current flows into the load, increasing efficiency. 


3A,5A,7.5A Regulator 


Dropout Voltage vs 
Output Current 


V| N >6.5V — 
10/*F 


I 

I 


LT 1083*5 

T 


i 

I 


— 5V AT 7.5A 

22 m F* 

TANTALUM 


‘REQUIRED FOR STABILITY 



0 I FULL load/2 I FULL LOAD 

OUTPUT CURRENT (A) 
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absolute maximum rrtirgs 


PRCKRGE/ORDER MFORfllATIOR 


Power Dissipation Internally Limited 

Input Voltage (Note 1) 30V 

Operating Input Voltage 

5V Devices 20V 

12V Devices 25V 

Operating Junction Temperature Range 
“M” Grades 

Control Section -55°Cto150°C 

Power Transistor - 55°C to 200°C 

“C” Grades 

Control Section 0°C to 125°C 

Power Transistor 0°C to 150°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note 1: Although the devices maximum operating voltage is limited, (20V 
for a 5 V device, and 25V for a 12V device) the devices are guaranteed to 
withstand transient input voltages up to 30V. For input voltages greater 
than the maximum operating input voltage some degradation of specifica- 
tions will occur. For input/output voltage differentials greater than 15V, a 
minimum external load of 5mA is required to maintain regulation. 


PRCCOnDITIOAMG 

100% Thermal Limit Burn-In 


BOTTOM VIEW 



K PACKAGE 

2-LEAD TO-3 METAL CAN 


ORDER 

PART NUMBER 


LT1083MK-5 

LT1083MK-12 

LT1083CK-5 

LT1083CK-12 

LT1084MK-5 

LT1084MK-12 

LT1084CK-5 

LT1084CK-12 

LT1085MK-5 

LT1085MK-12 

LT1085CK-5 

LT1085CK-12 


FRONT VIEW 



P PACKAGE 

3-LEAD TO-3P PLASTIC 


FRONT VIEW 


P 


T PACKAGE 

3-LEAD TO-220 PUSTIC 


V| N 

VOUT 

GND 


3V| N 
D VouT 
3 GND 


LT 1 083CP-5 
LT1083CP-12 
LT1084CP-5 
LT1084CP-12 


LT1084CT-5 

LT1084CT-12 

LT1085CT-5 

LT1085CT-12 


ClECTRICfil CHRRRCT€RISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 







LT1 083/4/5-5 

Iout = 0mA, Tj = 25°C, V 1N = 8V (K Package Only) 


4.950 

5.000 

5.050 

V 


0 < Iqut ^ 1 full load, 6.5V < V| N < 20V (Notes 3, 5) 

• 

4.900 

5.000 

5.100 

V 

LT1 083/4/5-1 2 

l 0UT = 0mA, Tj = 25°C, V, N = 15V (K Package Only) 


11.880 

12.000 

12.120 

V 


0< Iqut— ^full load, 13.5V<V|n< 25V (Notes 3, 5) 

• 

11.760 

12.000 

12.240 

V 

Line Regulation 







LT1 083/4/5-5 

Iout = 0mA, Tj = 25°C, 6.5V < V, N < 20V (Notes 1 , 2) 



0.5 

10 

mV 


• 


1.0 

10 

mV 

LT1 083/4/5-1 2 

Iout = 0mA, Tj = 25°C, 1 3.5V < V, N < 25 V (Notes 1 , 2) 



1.0 

25 

mV 


• 


2.0 

25 

mV 
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€l€CTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Load Regulation 







LT1 083/4/5-5 

V| N = 8V,0<I OUT < Ifull LOAD. 







Tj = 25°C (Notes 1 , 2, 3, 5) 



5 

20 

mV 



• 


10 

35 

mV 

LT1 083/4/5-1 2 

V| N = 15V, 0<I OUT < I FU ll LOAD. 







Tj = 25°C (Notes 1,2,3, 5) 



12 

36 

mV 



• 


24 

72 

mV 

Dropout Voltage (V tN - V 0UT ) 







LT1 083/4/5-5 

AVqut = 50mV, Iqut = Ifull load (Notes 4, 5) 

• 


1.3 

1.5 

V 

LT1 083/4/5-1 2 

AVqut = 120mV, Iqut = Ifull load (Notes 4, 5) 

• 


1.3 

1.5 

V 

Current Limit 







LT 1083-5 

V| N = 10V 

• 

8.0 

9.5 


A 

LT1083-12 

V, n = 17V 

• 

8.0 

9.5 


A 

LT 1084-5 

V, N = 10V 

• 

5.5 

6.5 


A 

LT1084-12 

V, n = 17V 

• 

5.5 

6.5 


A 

LT1085-5 

V, N = 10V 

• 

3.2 

4.0 


A 

LT1085-12 

V, n = 17V 

• 

3.2 

4.0 


A 

Quiescent Current 







LT 1083/4/5-5 

V|n<20V 

• 


5.0 

10.0 

mA 

LT1 083/4/5-1 2 

V, n <25V 

• 


5.0 

10.0 

mA 

Thermal Regulation 

T a = 25°C, 30ms pulse 






LT1 083-5/1 2 




0.002 

0.01 

%/W 

LT1 084-5/1 2 




0.003 

0.015 

%/W 

LT1 085-5/1 2 




0.004 

0.02 

%/W 

Ripple Rejection 

f = 120Hz, Cqut = 25/iF Tantalum 







•out = 'full load 






LT1 083/4/5-5 

V|n = 8V (Note 5) 

• 

60 

68 


dB 

LT1 083/4/5-1 2 

Vj N = 15V (Note 5) 

• 

54 

60 


dB 

Temperature Stability 


• 

0.5 

% 

Long Term Stability 

T a = 125°C, lOOOHrs. 



0.03 

1.0 

% 

RMS Output Noise (% of V 0 ut) 

T a =25°C 







10Hz= <f<10kHz 



0.003 


% 

Thermal Resistance 







Junction to Case 







LT1083 

K Package: Control Circuitry/Power Transistor 




0.6/1 .6 

°C/W 


P Package: Control Circuitry/Power Transistor 




0.5/1 .6 

°c/w 

LT1084 

K Package: Control Circuitry/Power Transistor 




0.75/2.3 

°c/w 


P Package: Control Circuitry/Power Transistor 




0.65/2.3 

°c/w 


T Package: Control Circuitry/Power Transistor 




0.65/2.7 

°c/w 

LT1085 

K Package: Control Circuitry/Power Transistor 




0.9/3.0 

°c/w 


T Package: Control Circuitry/Power Transistor 




0.7/3.0 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output volt- 
age due to heating effects. Load and line regulation are measured at a con- 
stant junction temperature by low duty cycle pulse testing. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation (60W for the LT1083, 45W for the LT1084 (K, P), 30W for the 
LT1084 (T) and 30W for the LT1085). Power dissipation is determined by the 
input/output differential and the output current. Guaranteed maximum 
power dissipation will not be available over the full input/output voltage 
range. 


Note 3: I F ull load is defined in the current limit curves. The l FULL LO ad curve 
is defined as the minimum value of current limit as a function of input to 
output voltage. Note that the 60W power dissipation for the LT1083 (45W for 
the LT1084 (K, P), 30W for the LT1084 (T), 30W for the LT1085) is only achiev- 
able over a limited range of input to output voltage. 

Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 5: For LT1083 I F ull load * s for -55°C<Tj< - 40°C and 7.5A for 
Tj> -40°C. 
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LT1083/4/5-5 

LT1083/4/5-12 


TYPICAL PCRFORfflARCC CHRRACTCRISTICS 
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LT 1083/4/5-5 Ripple Rejection 
vs Current 
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LT1 083/4/5-1 2 Ripple Rejection 
vs Current 

100 
90 
80 
1 70 

o 60 


S 40 

CL. 

% 30 
20 
10 
0 

0 0.2 0.4 0.6 0.8 1.0 

OUTPUT CURRENT (0 TO l FULL LOA d) 



















f R = 120Hz 



V 

1IPPLE— 3Vp-p 




1 

f R =20kHz 

■ 


V RIPPI c <0.5 Vp^P >,> * , nJ 


















LT1083 Maximum Power Dissipation* 
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CASE TEMPERATURE (°C) 

* AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


LT1084 Maximum Power Dissipation* 


LT1085 Maximum Power Dissipation* 



50 60 70 80 90 100 110 120 130 140 150 
CASE TEMPERATURE (°C) 

*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 
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APPLICATION HIATS 

The LT1083 family of three terminal regulators is easy to 
use and has all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, have safe area protection as well as ther- 
mal shutdown to turn off the regulator should the tempera- 
ture exceed about 165°C. 

These regulators offer lower dropout voltage and more 
precise reference tolerance. Further, the reference stabil- 
ity with temperature is improved over older types of 
regulators. The only circuit difference between using the 
LT1083 family and older regulators is that they require an 
output capacitor for stability. 

Stability 

The circuit design used in the LT1083 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150/iF aluminum electrolytic or a 22/*F solid tantalum on 
the output will ensure stability. Normally, capacitors 
much smaller than this can be used with the LT1083. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to +100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 150/tF or 22/tF values given will ensure stability. 

Normally, capacitor values on the order of 100/iF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1083 regulators. 

Another possible stability prouiem that can occur in 
monolithic 1C regulators is current limit oscillations. 
These can occur because, in current limit, the safe area 
protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input-to- 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes cur- 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1083 series and has been present on 
all power 1C regulators. The value of the negative re- 
sistance is a function of how fast the current limit is 


folded back as input-to-output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob- 
lem, it is not necessarily easy to solve; however it does not 
cause any problems with the 1C regulator and can usually 
be ignored. 

Protection Diodes 

In normal operation, the LT1083 family does not need any 
protection diodes. The internal diode between the input 
and the output pins of the LT1083 family can handle 
microsecond surge currents of 50A to 100A. Even with 
large output capacitances, it is very difficult to get those 
values of surge currents in normal operation. Only with 
high value output capacitors, such as 1000/iF to 5000/tF 
and with the input pin instantaneously shorted to ground, 
can damage occur. A crowbar circuit at the input of the 
LT1083 can generate those kinds of currents, and a diode 
from output to input is then recommended. Normal power 
supply cycling or even plugging and unplugging in the sys- 
tem will not generate currents large enough to do any 
damage. 


D1 

1N4002 

(OPTIONAL) 



Overload Recovery 

Like any of the 1C power regulators, the LT1083 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1083 protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 
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When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1083. 

The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat- 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 

Ripple Rejection 

In applications that require improved ripple rejection, the 
LT1083 series adjustable regulators should be used. With 
LT1083 series adjustable regulators, the addition of a 
bypass capacitor from the adjust pin to ground will reduce 
output ripple by the ratio of Vout/ 1 -25V. See LT1083 series 
adjustable regulator data sheet. 

Load Regulation 

Because the LT1083 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the ground pin of the device returned to the negative 
side of the load. 


Thermal Considerations 

The LT1083 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci- 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula- 
tions should be made for both sections to ensure that both 
thermal limits are met. 

Junction-to-case thermal resistance is specified from the 
1C junction to the bottom of the case directly below the 
die. This is the lowest resistance path for heat flow. Proper 
mounting is required to ensure the best possible thermal 
flow from this area of the package to the heat sink. Ther- 
mal compound at the case-to-heat-sink interface is 
strongly recommended. If the case of the device must be 
electrically isolated, a thermally conductive spacer can be 
used, as long as its added contribution to thermal re- 
sistance is considered. Note that the case of all devices in 
this series is electrically connected to the output. 
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APPLICATIOA HIATS 

For example, using a LT1083-5CK (T0-3, Commercial) and 
assuming: 

Vin (max continuous) = 9 V, Vout = 5 V, Iout = 6A, 
TaMBIENT = 75°C, #HEAT SINK = 1 °C/W, 

^case-T0-heat-sink = 0.2°C/W for K package with 
thermal compound. 

Power dissipation under these conditions is equal to: 

Pd=(V|N-V 0 UT)(I0UT) = 24W 
Junction temperature will be equal to: 

Tj = TaMBIENT + Pd (^heat-sink + 

0CASE-TO-HEAT-SINK + 0jc) 


For the Control Section: 

Tj = 75°C + 24W (1 °C/W + 0.2°C/W + 0.6°C/W) = 1 18°C 
1 1 8°C < 1 25°C = Tjmax (Control Section 
Commercial Range) 

For the Power Transistor: 

Tj = 75°C + 24W (1 °C/W + 0.2°C/W + 1 ,6°C/W) = 142°C 
142°C<150°C = Tj m ax (Power Transistor 
Commercial Range) 

In both cases the junction temperature is below the maxi- 
mum rating for the respective sections, ensuring reliable 
operation. 


TYPICAL APPLICATION 

High Efficiency Regulator 



Paralleling Regulators 
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TYPICAL APPLICATION 


Adjusting Output Voltage Regulator with Reference 



‘OPTIONAL IMPROVES RIPPLE REJECTION 
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TYPICAL APPLICATION 


Low Dropout Negative Supply 



Battery Backed Up Regulated Supply 
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PACKflGC DCSCRIPTIOD Dimensions in inches (millimeters) unless otherwise noted. 


K Package 
TO-3 Metal Can 



P Package T Package 

TO-3P Plastic TO-220 Plastic 


MOUNTING HOLE 
0125 



BSC 
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TECHNOLOGY 


F€ATUR€S 

■ Three Terminal Adjustable or Fixed 5V, 12V 

■ Output Current of 1.5A, (0.5A for LT1086H) 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ 0.015% Line Regulation 

■ 0.1% Load Regulation 

■ 100% Thermal Limit Burn-In 


APPLICATORS 

■ High Efficiency Linear Regulators 

■ Post Regulators for Switching Supplies 

■ Constant Current Regulators 

■ Battery Chargers 


1.5A Low Dropout 
Positive Regulators 
Adjustable and Fixed 5V, 12V 

DCSCRIPTIOA 

The LT1086 is designed to provide 1.5A with higher effi- 
ciency than currently available devices. All internal circuitry 
is designed to operate down to IV input to output differen- 
tial and the dropout voltage is fully specified as a function 
of load current. Dropout is guaranteed at a maximum of 
1.5V at maximum output current, decreasing at lower load 
currents. On-chip trimming adjusts the reference/output 
voltage to 1 %. Current limit is also trimmed, minimizing the 
stress on both the regulator and power source circuitry un- 
der overload conditions. 

The LT1086 is pin compatible with older 3 terminal adjust- 
able regulators. A 10/tF output capacitor is required on 
these new devices; however, this is usually included in 
most regulator designs. 

Unlike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1086 quiescent 
current flows into the load, increasing efficiency. 


High Efficiency Regulator 



LT1086 Dropout Voltage 



0 0.5 1 1.5 

OUTPUT CURRENT (A) 
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PACKAGE/ORDER IAFORAIATIOA 


Power Dissipation Internally Limited 

Input Voltage* 30V 

Operating Input Voltage 

Adj. Devices 25V 

-5V Devices 20V 

■12V Devices 25V 

Operating Junction Temperature Range 
“M” Grades 

Control Section -55°Cto150°C 

Power Transistor -55°Cto200°C 

“C” Grades 

Control Section 0°C to 125°C 

Power Transistor 0°C to 150°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


‘Although the devices maximum operating voltage is limited, (20V for a -5V 
device, and 25V for adjustable and -12 devices) the devices are guaranteed 
to withstand transient input voltages up to 30V. For input voltages greater 
than the maximum operating input voltage some degradataion of specifi- 
cations will occur. For -5 and -12 devices operating at input/output voltage 
differentials greater than 15V, a minimum external load of 5mA is required 
to maintain regulation. 

pR€conDiTiomnG 

100% Thermal Limit Burn-In 



*FOR FIXED VERSIONS 


ELECTRICAL CHARACTERISTICS (See Note 1) 


PARAMETER 

1 CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Reference Voltage 







LT1086, LT1086H 

Iout = 10mA, Tj = 25°C, 

(Vin - Vout) = 3 V (K Package Only) 


1.238 

1.250 

1.262 

V 


1 0mA < Iout < 1 -5A, (0.5A for LT1 086H) 

1 .5V <(V| N - Vout) < 15V 

• 

1.225 

1.250 

1.270 

1 ... V 

Output Voltage 







LT1086-5 

Iout = 0mA, Tj = 25°C 

Vin = 8V(K Package Only) 


4.950 

5.000 

5.050 

V 


0<Iout<1.5A,6.5V<Vin<20V 

• 

4.900 

5.000 

5.100 

V 

LT 1086-12 

Iout = 0mA, Tj=25°C 

Vin = 15V (K Package Only) 


11.880 

12.000 

12.120 

V 


0V<I O ut^1.5A,13.5V<Vin<25V 

• 

11.760 

12.000 

12.240 

V 

Line Regulation 







LT1086, LT1086H 

Iload = 1 0mA, 1 .5V < (Vin - Vout) < 1 5V, Tj = 25°C 



0.015 

0.2 

% 


• 


0.035 

0.2 

% 

LT1086-5 

Iout = 0mA, Tj = 25°C, 6.5V < Vin < 20V 



0.5 

10 

mV 


• 


1.0 

10 

mV 

LT1086-12 

Iout = 0mA, Tj = 25°C, 1 3.5V < V iN < 25V 



1.0 

25 

mV 


• 


2.0 

25 

mV 
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ELECTRICAL CHARACTERISTICS (See Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Load Regulation 







LT1086, LT1086H 

(Vin - Vout) = 3V, 10mA < I 0 ut^ 1 .5A, (0.5A for LT1086H) 

Tj = 25°C (Notes 1,2) 



0.1 

0.3 

% 



• 


0.2 

0.4 

% 

LT1086-5 

Vin = 8V, 0 < I 0 ut < 1 .5A, Tj = 25°C (Notes 1 , 2) 



5 

20 

mV 


• 


10 

35 

mV 

LT1086-12 

Vin = 1 5V, 0 < Iout < 1 .5A, Tj = 25°C (Notes 1 , 2) 



12 

36 

mV 



• 


24 

72 

mV 

Dropout Voltage (Vin - Vout) 







LT1086 

AVref = 1 %, Iout = 1.5A (Note 3) 

• 


1.3 

1.5 

V 

LT1086H 

aVref = 1 0 / 0 ! Iout =°- 5A (Note 3) 

• 


0.95 

1.25 

V 

LT 1086-5 

AVout = 50mV, Iout = 1 .5A (Note 3) 

• 


1.3 

1.5 

V 

LT1086-12 

AVout = 120m V, Iout = 1 .5A (Note 3) 

• 


1.3 

1.5 

V 

Current Limit 







LT1086, LT1086-5, LT1086-12 

(Vin- Vout) = 5V 

• 

1.5 

1.6 

2.5 

A 


(Vin- Vout) = 25V 

• 

0.075 

0.15 


A 

LT1086H 

(V|n-Vout) = 5V 

• 

0.5 

0.7 

1.2 

A 


(V, N - Vout) = 2.5V 

• 

0.03 

0.075 


A 

Minimum Load Current 







LT1086, LT1086H 

(Vin - Vout) = 25V (Note 4) 

• 


5 

10 

mA 

Quiescent Current 







LT1086-5 

Vin ^ 20V 

• 


5 

10 

mA 

LT1086-12 

Vin<25V 

• 


5 

10 

mA 

Thermal Regulation 

TA = 25°C,30ms Pulse 



0.008 

0.04 

%/W 

Ripple Rejection 

f = 1 20Hz, Cout = 25/iF Tantalum 

Iout = 1 .5A, (l 0UT = 0.5A for LT 1 086H) 






LT1086, LT1086H 

C A DJ = 25 /i F, (Vin- Vout) = 3V 

• 

60 

75 


dB 

LT1086-5 

Vin = 8V 

• 

60 

68 


dB 

LT 1 086-1 2 

Vin = 15V 

• 

54 

60 


dB 

Adjust Pin Current 







LT1086, LT1086H 

Tj = 25°C 



55 


PA 



• 



120 

pA 

Adjust Pin Current Change 







LT1086, LT1086H 

10mA<louT<1.5A, (0.5A for LT1086H) 

1.5V<(Vin-Vout)<15V 

• 


0.2 

5 


Temperature Stability 


• 

0.5 

% 

Long Term Stability 

Ta= 125°C, lOOOHrs. 


0.3 1 

% 

RMS Output Noise (% of Vout) 

T A =25°C 

10Hz<f<10kHz 


0.003 

% 

Thermal Resistance 

Junction to Case 

K Package: Control Circuitry/Power Transistor 




1. 7/4.0 

°c/w 


T Package: Control Circuitry/Power Transistor 




1. 5/4.0 

°c/w 


H Package: Control Circuitry/Power Transistor 




15/20 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output volt- 
age due to heating effects. Load and line regulation are measured at a con- 
stant junction temperature by low duty cycle pulse testing. Load regulation 
is measured at the output lead * 1/8" from the package. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation of 15W for the LT1086, LT1086-5 and LT1086-12, and 3W for the 
LT1086H. Power dissipation is determined by the input/output differential 


and the output current. Guaranteed maximum power dissipation will not be 
available over the full input/output voltage range. See Short Circuit Current 
Curve for available output current. 

Note 3: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Note 4: Minimum load current is defined as the minimum output current re- 
quired to maintain regulation. At 25V input/output differential the device is 
guaranteed to regulate if the output current is greater than 10mA. 
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RIPPLE REJECTION (dB) OUTPUT VOLTAGE CHANGE (%) SHORT CIRCUIT CURRENT (A) 


LT1086/LT1086-5 

LT1Q86-12/LT1086H 

TYPICAL PCRFORfflAflCC CHARACTERISTICS 


Minimum Operating Current 

LT1086 Short Circuit Current LT1086 Load Regulation (Adjustable Device) 



INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C) INPUT/OUTPUT DIFFERENTIAL (V) 


LT1086 Maximum Power 

Temperature Stability Adjust Pin Current Dissipation* 



TEMPERATURE (°C) TEMPERATURE (°C) CASE TEMPERATURE (°C) 

*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


LT1086 Ripple Rejection vs 

LT1086 Ripple Rejection Current LT1086-5 Ripple Rejection 



10 100 Ik . 10k 100k 0 0.25 0.5 0.75 1 1.25 1.5 10 100 Ik 10k 100k 

FREQUENCY (Hz), OUTPUT CURRENT (A) FREQUENCY (Hz) 
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TYPICAL P€RFORAIAAC€ CHARACTERISTICS 


LT1086-5 Ripple Rejection vs LT1086-12 Ripple Rejection vs 

Current LT1086-12 Ripple Rejection Current 



0.5 0.75 1 1.25 1.5 

10 

100 Ik 10k 

100k 

0 0.25 0.5 0.75 1 

1.25 1.5 

OUTPUT CURRENT (A) 


FREQUENCY (Hz) 


OUTPUT CURRENT (A) 



LT1086 Line Transient Response LT1086 Load Transient Response LT1086H Short Circuit Current 



0 100 

TIME ( M s) 

200 

0 50 

TIME (ms) 

100 

0 5 10 15 20 

INPUT/OUTPUT DIFFERENTIAL (V) 

LT1086H Dropout Voltage 


LT1086H Load Regulation 


LT1086H Ripple Rejection vs 
Current 



0 0.1 0.2 0.3 0.4 0.5 -50 -25 0 25 50 75 100 125 150 0 0.1 0.2 0.3 0.4 0.5 

OUTPUT CURRENT (A) TEMPERATURE (°C) OUTPUT CURRENT (A) 
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TYPICAL PCRFORAIAACC CHARACTERISTICS 


LT1086H Ripple Rejection 
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APPUCATIOR HIATS 

The LT1086 family of three terminal regulators is easy to 
use and has all the protection features that are expected 
in high performance voltage regulators. They are short 
circuit protected, have safe area protection as well as ther- 
mal shutdown to turn off the regulator should the tempera- 
ture exceed about 165°C at the sense point. 

These regulators are pin compatible with older three 
terminal adjustable devices, offer lower dropout voltage 
and more precise reference tolerance. Further, the refer- 
ence stability with temperature is improved over older 
types of regulators. The only circuit difference between 
using the LT1086 family and older regulators is that they 
require an output capacitor for stability. 

Stability 

The circuit design used in the LT1086 family requires the 
use of an output capacitor as part of the device frequency 
compensation. For all operating conditions, the addition 
of 150/iF aluminum electrolytic or a 22/iF solid tantalum on 
the output will ensure stability. Normally, capacitors 
much smaller than this can be used with the LT1086. Many 
different types of capacitors with widely varying charac- 
teristics are available. These capacitors differ in capacitor 
tolerance (sometimes ranging up to ±100%), equivalent 
series resistance, and capacitance temperature coeffi- 
cient. The 150/iF or 22/iF values given will ensure stability. 


When using the LT1086 the adjustment terminal can be 
bypassed to improve ripple rejection. When the adjust- 
ment terminal is bypassed the requirement for an output 
capacitor increases. The values of 22#iF tantalum or 150/iF 
aluminum cover all cases of bypassing the adjustment 
terminal. For fixed voltage devices or adjustable devices 
without an adjust pin bypass capacitor, smaller output 
capacitors can be used with equally good results and the 
table below shows approximately what size capacitors are 
needed to ensure stability. 


Recommended Capacitor Values 


Input 

Output 

Adjustment 

10/zF 

10/iF Tantalum, 50/tF Aluminum 

None 

10#iF 

22/iF Tantalum, 150jiF Aluminum 

20/iF 


Normally, capacitor values on the order of 100/tF are used 
in the output of many regulators to ensure good transient 
response with heavy load current changes. Output capaci- 
tance can be increased without limit and larger values of 
output capacitor further improve stability and transient re- 
sponse of the LT1086 regulators. 

Another possible stability problem that can occur in 
monolithic 1C regulators is current limit oscillations. 
These can occur because, in current limit, the safe area 






LT1086/LT1086-5 

LT1086-12/LT1086H 


flPPUCflTIOfl HlflTS 

protection exhibits a negative impedance. The safe area 
protection decreases the current limit as the input-to- 
output voltage increases. That is the equivalent of having 
a negative resistance since increasing voltage causes cur- 
rent to decrease. Negative resistance during current limit 
is not unique to the LT1086 series and has been present on 
all power 1C regulators. The value of the negative re- 
sistance is a function of how fast the current limit is 
folded back as input-to-output voltage increases. This 
negative resistance can react with capacitors or inductors 
on the input to cause oscillation during current limiting. 
Depending on the value of series resistance, the overall 
circuitry may end up unstable. Since this is a system prob- 
lem, it is not necessarily easy to solve; however it does not 
cause any problems with the 1C regulator and can usually 
be ignored. 

Protection Diodes 

In normal operation, the LT1086 family does not need any 
protection diodes. Older adjustable regulators required 
protection diodes between the adjustment pin and the out- 
put and from the output to the input to prevent overstress- 
ing the die. The internal current paths on the LT1086 
adjustment pin are limited by internal resistors. Therefore, 
even with capacitors on the adjustment pin, no protection 
diode is needed to ensure device safety under short circuit 
conditions. 

Diodes between input and output are usually not needed. 
The internal diode between the input and the output pins 
of the LT1086 family can handle microsecond surge cur- 
rents of 10A to 20A. Even with large output capacitances, 
it is very difficult to get those values of surge currents in 
normal operations. Only with high value of output capaci- 
tors, such as 1000/tF to 5000/tF and with the input pin in- 
stantaneously shorted to ground, can damage occur. A 
crowbar circuit at the input of the LT1086 can generate 
those kinds of currents, and a diode from output to input is 
then recommended. Normal power supply cycling or even 
plugging and unplugging in the system will not generate 
current large enough to do any damage. 

The adjustment pin can be driven on a transient basis 
±25V, with respect to the output without any device 


degradation. Of course, as with any 1C regulator, exceed- 
ing the maximum input to output voltage differential 
causes the internal transistors to break down and none of 
the protection circuitry is functional. 
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Overload Recovery 

Like any of the 1C power regulators, the LT1086 has safe 
area protection. The safe area protection decreases the 
current limit as input-to-output voltage increases and 
keeps the power transistor inside a safe operating region 
for all values of input-to-output voltage. The LT1086 protec- 
tion is designed to provide some output current at all val- 
ues of input-to-output voltage up to the device breakdown. 

When power is first turned on, as the input voltage rises, 
the output follows the input, allowing the regulator to start 
up into very heavy loads. During the start-up, as the input 
voltage is rising, the input-to-output voltage differential 
remains small, allowing the regulator to supply large out- 
put currents. With high input voltage, a problem can occur 
wherein removal of an output short will not allow the out- 
put voltage to recover. Older regulators, such as the 7800 
series, also exhibited this phenomenon, so it is not unique 
to the LT1086. 

The problem occurs with a heavy output load when the in- 
put voltage is high and the output voltage is low, such as 
immediately after a removal of a short. The load line for 
such a load may intersect the output current curve at two 
points. If this happens, there are two stable output operat- 
ing points for the regulator. With this double intersection, 
the power supply may need to be cycled down to zero and 
brought up again to make the output recover. 
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LT1086-12/LT1086H 


RPPUCATIOA MATS 

Ripple Rejection 

For the LT1086 the typical curves for ripple rejection re- 
flect values for a bypassed adjustment pin. This curve will 
be true for all values of output voltage. For proper bypass- 
ing, and ripple rejection approaching the values shown, 
the impedance of the adjust pin capacitor, at the ripple fre- 
quency should equal the value of R1, (normally 
1008-1208). The size of the required adjust pin capacitor is 
a function of the input ripple frequency. At 120Hz the 
adjust pin capacitor should be 13#tF if R1 = 1008. At 10kHz 
onlyO.%F is needed. 

For circuits without an adjust pin bypass capacitor, the 
ripple rejection will be a function of output voltage. The 
output ripple will increase directly as a ratio of the output 
voltage to the reference voltage (Vout/Vref)- For example, 
with the output voltage equal to 5V, and no adjust pin 
capacitor, the output ripple will be higher by the ratio of 
5V/1.25V or 4 times larger. Ripple rejection will be de- 
graded by 12dB from the value shown on the LT 1086 curve. 
Typical curves are provided for -5 and -12 devices since the 
adjust pin is not available. 

Output Voltage 

The LT1086 develops a 1.25V reference voltage between 
the output and the adjust terminal (see Figure 1). By plac- 
ing a resistor, R1, between these two terminals, a constant 
current is caused to flow through R1 and down through R2 
to set the overall output voltage. Normally this current is 
chosen to be the specified minimum load current of 10mA. 
Because Iadj is very small and constant when compared 
with the current through R1, it represents a small error and 
can usually be ignored. For fixed voltage devices R1 and 
R2 are included in the device. 


Figure 1. Basic Adjustable Regulator 


Load Regulation 

Because the LT1086 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the wire connect- 
ing the regulator to the load. The data sheet specification 
for load regulation is measured at the bottom of the pack- 
age. Negative side sensing is a true Kelvin connection, 
with the bottom of the output divider returned to the nega- 
tived side of the load. Although it may not be immediately 
obvious, best load regulation is obtained when the top of 
the resistor divider, (R1), is connected directly to the case 
not to the load. This is illustrated in Figure 2. If R1 were 
connected to the load, the effective resistance between 
the regulator and the load would be 

R D x R2 + ,R D = Parasitic Line Resistance. 
p R1 p 

Rp 



PARASITIC 

LINE RESISTANCE 

m ' 

\ 



1 

« 

« 

_J 

I R1 CONNECT 

R1 TO CASE 



< 

1 

R2 




A 


X CONNECT R2 

” TO LOAD 


Figure 2. Connections for Best Load Regulation 

Connected as shown, R p is not multiplied by the divider ra- 
tio. R p is about 0.0048 per foot using 16 gauge wire. This 
translates to 4mV/ft at 1 A load current, so it is important to 
keep the positive lead between regulator and load as short 
as possible, and use large wire or PC board traces. 

Note that the resistance of the package leads for the H 
package »0.068/in. While it is usually not possible to con- 
nect the load directly to the package, it is possible to con- 
nect larger wire or PC traces close to the case to avoid 
voltage drops that will degrade load regulation. 

For fixed voltage devices the top of R1 is internally Kelvin 
connected, and the ground pin can be used for negative 
side sensing. 



+ 'adj r 2 
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nppucnnon hiats 

Thermal Considerations 

The LT1086 series of regulators have internal power and 
thermal limiting circuitry designed to protect the device 
under overload conditions. For continuous normal load 
conditions however, maximum junction temperature rat- 
ings must not be exceeded. It is important to give careful 
consideration to all sources of thermal resistance from 
junction to ambient. This includes junction to case, case 
to heat sink interface, and heat sink resistance itself. New 
thermal resistance specifications have been developed to 
more accurately reflect device temperature and ensure 
safe operating temperatures. The data section for these 
new regulators provides a separate thermal resistance 
and maximum junction temperature for both the Control 
Section and the Power Transistor. Previous regulators, 
with a single junction to case thermal resistance speci- 
fication, used an average of the two values provided here 
and therefore could allow excessive junction tempera- 
tures under certain conditions of ambient temperature 
and heat sink resistance. To avoid this possibility, calcula- 
tions should be made for both sections to ensure that both 
thermal limits are met. 

For example, using a LT1086CK (TO-3, Commercial) and 
assuming: 

Vin (max continuous) =9V, Vout=5V, Iout = 1A, 
TaMBIENT = 75°C, 0HEAT SINK = 3°C/W, 

0CASE-TO-HEAT-SINK = 0.2°C/W for K package with 
thermal compound. 

Power dissipation under these conditions is equal to: 

Pd=(Vin-Vout)(Iout)=4W 
Junction temperature will be equal to: 

Tj = Tambient + Pd (^heat-sink + 

0CASE-TO-HEAT-SINK + 0jc) 


For the Control Section: 

Tj = 75°C + 4W (3°C/W + 0.2°C/W + 1 ,7°C/W) = 95°C 
95°C < 125°C = Tj m ax (Control Section 
Commercial Range) 

For the Power Transistor: 

Tj = 75°C + 4W (3°C/W + 0.2°C/W + 4°C/W) = 103.8°C 
103.8°C< 1 50°C = Tjmax (Power Transistor 
Commercial Range) 

In both cases the junction temperature is below the maxi- 
mum rating for the respective sections, ensuring reliable 
operation. 

Junction to case thermal resistance for the K and T pack- 
ages is specified from the I.C. junction to the bottom of the 
case directly below the die. This is the lowest resistance 
path for heat flow. While this is also the lowest resistance 
path for the H package, most available heat sinks for this 
package are of the clip-on type that attach to the cap of the 
package. The datasheet specification for thermal resis- 
tance for the H package is therefore written to reflect this. 
In all cases proper mounting is required to ensure the best 
possible heat flow from the die to the heat sink. Thermal 
compound at the case-to-heat sink interface is strongly 
recommended. In the case of the H package, mounting the 
device so that heat can flow out the bottom of the case will 
significantly lower thermal resistance (= a factor of 2). If the 
case of the device must be electrically isolated, a thermally 
conductive spacer can be used, as long as its added con- 
tribution to thermal resistance is considered. Note that the 
case of all devices in this series is electrically connected to 
the output. 


5V, 1.5A Regulator 
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TYPICAL APPLICATIONS 


1.2V-15V Adjustable Regulator 



t V out = 1 • 25V (l+jf|) 


5 V Regulator with Shutdown 



Remote Sensing 



Adjusting Output Voltage of Fixed Regulators 



Protected High Current Lamp Driver 



Regulator with Reference 


V| N > 11.5V - 
10/xF 


r 

T 


LT1086-5 


-5V 0 ut 


T 


IOObF 


Battery Charger 
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LT1086/LT1086-5 

LT1086-12/LT1086H 



PRCKAG6 DCSCRIPTIOnS Dimensions in inches (millimeters) unless othemise noted. 


H Package 

Head TO-39 Metal Can 


T Package 

3-Lead TO-220 Plastic 


K Package 

2-Lead TO-3 Metal Can 
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LT1120 



LintAE. 


TECHNOLOGY 


Micropower Regulator with 
Comparator and Shutdown 


FEATURES 

■ 8-Lead MiniDIP 

■ 40jiA Supply Current 

■ 125mA Output Current 

■ 2.5V Reference Voltage 

■ Reference Output Sources 2mA and Sinks 2mA 

■ Open Collector 

■ Comparator Sinks 10mA 

■ Logic Shutdown 

■ 0.2V Dropout Voltage 

■ Thermal Limiting 

APPUCATIORS 

■ Battery Systems 

■ Battery Backup System 

■ Portable Terminals 

■ Portable Instruments 

■ Memory Keep Alive 


DESCRIPTION 

The LT1120 is a combination micropower positive regula- 
tor and free collector comparator on a single monolithic 
chip. With only 40/iA supply current, the LT1 120 can supply 
over 125mA of output current. Input voltage range is from 
4.5 V to 36V and dropout voltage is 0.6V at 125mA. Dropout 
voltage decreases with lower load currents. Also included 
on the chip is a class B output 2.5V reference that can ei- 
ther source or sink current. A shutdown pin allows logic 
shutdown of the output. 

The comparator can be used as a comparator for system 
or battery monitoring. For example, the comparator can be 
used to warn of low system voltage. Frequency compensa- 
tion of the comparator for amplifier applications can be 
obtained by adding external output capacitance. 

The 2.5V reference will source or sink current. This allows 
it to be used as a supply splitter or auxiliary output. 


5 V Regulator 


Vim> 5.2V 

5 

L 

— 

. . . 

I Q = 40/xA 


*UUT 

J_ J 




LT1120 


n nm r ,F ^im 


10/xF” 

+ 

's 
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FS 
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+ 

^2 



3 

1 

>1M 
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SHUTDOWN 


Dropout Voltage and Supply Current 
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LT1120 


absolute mnximum ratings 


Input Voltage 36V 

NPN Collector Voltage 36V 

Output Short Circuit Duration Indefinite 

Power Dissipation Internally Limited 


Operating Temperature Range 


LT1120C 0°Cto100°C 

Storage Temperature Range 
LT1120C — 65°C to 150°C 


PRCKRG€/ORD€R IRFORfflRTIOR 



TOP VIEW 


ORDER PART 
NUMBER 

TOP VIEW 

-INPUT 

ORDER PART 
NUMBER 

gnd[7 
FEEDBACK [7 
SHUTDOWN [7 
v out£[ 


7] -INPUT 
TJcompout 

7] REF 

7] v in 

JfyL 

LT1120 

LT1120CJ8 

LT1120CN8 

GND (T) vD comp out 

FEEDBACK© LT1120 Q) REF 

SHUTDOWN (7)^10 V| N 

LT1120CH 

J PACKAGE N PACKAGE 

8-LEAD CERAMIC MINIDIP 8-LEAD PLASTIC MINIDIP 


v OUT 

H PACKAGE 

8-LEAD TO-5 METAL CAN 



ELECTRICAL CHARACTERISTICS t j= 25»c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5 V <V,n< 36V 

2.46 

2.50 

2.54 

V 

Line Regulation 

4.5 V <V, N < 36 V 


0.01 

0.015 

%/v 

Load Regulation 

- 2.0mA < l REF < 2mA, V )N = 1 2V 


0.3 

0.6 

% 

Output Source Current 

V,n = 5V 

2 

4 


mA 

Output Sink Current 

V,n = 5V 

2 

4 


mA 

Temperature Stability 



1 


% 


Regulator 


Supply Current 

V|n = 6V, Iout^IOO/iA 

V|n = 36V, Iqut— 100jnA 

V tN = 12V, Iqut = 125mA 


45 

75 

11 

80 

100 

20 

m a 

/lA 

mA 

Output Current 

(Vin-V 0 ut)^1V,V 1n >6V 

125 



mA 

Load Regulation 

(V in -V 0 ut)^1V,V 1n >6V 


0.2 

0.5 

% 

Line Regulation 

6V<V, n <36V 


0.01 

0.015 

%/V 

Dropout Voltage 

1 out = 100/t A 



0.02 

0.05 

V 


Iqut = 125mA 



0.4 

0.65 

V 

Feedback Sense Voltage 

i V in = 12V 

2.44 

2.5 

2.56 

V 

Shutdown Pin Voltage 


Normal 



0.4 

V 


Vqut^0.5V 

Shutdown 

2.2 

1.4 


V 

Shutdown Pin Current 

V, n = 1.4V 


25 


fA 
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LT1120 


electrical characteristics t j= 2 5 »c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulator 

Feedback Bias Current 



15 

40 

nA 

Minimum Load Current 

V, N = 36V 


1 

5 

/xA 

Short Circuit Current 

V, N = 36V 


250 

360 

mA 


Comparator 


Offset Voltage 

0V<V CM <35V,V IN = 36V 


3 

7 

mV 

Bias Current 

0V<V cm <35V,V, n = 36V (Note 1) 


15 

40 

nA 

Offset Current 

0V < V CM < 35 V, V, N = 36V 


4 

15 

nA 

Gain 

AV OUT = 29V, R l = 20k 

2000 

10000 


V/V 

Common Mode Rejection 

0V<V cm <35V, V, n = 36V 

80 

94 


dB 

Power Supply Rejection 

4.5V <V S < 36 V 

80 

96 


dB 

Output Sink Current 

V, n = 4.5V 

10 

18 


mA 

Saturation Voltage 

•out = 1mA 


0.4 

0.6 

V 

Input Voltage Range 


0 


V|N — 1 

V 

Response Time 



5 


ILS 

Leakage Current 




2 

/xA 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reference 

Reference Voltage 

4.5V <V,n< 36V 

• 

2.40 

2.50 

2.55 

V 

Line Regulation 

4.5V<V, N <36V 

• 


0.01 

0.02 

%/v 

Load Regulation 

- 2.0mA < l REF < 2mA, V iN = 12V 

# 


0.4 

0.8 

% 

Output Source Current 

V,n = 5V 

• 

2 



mA 

Output Sink Current 

Vin = 5V 

• 

2 



mA 


Regulator 


Supply Current 

V|n = 6V, Iqui^IOO/xA 

• 


65 

95 

/xA 


V|n = 36V, I out <100^A 



85 

100 

/xA 


V| N = 12V, l 0UT = 125mA 

• 


11 

20 

mA 

Output Current 

(V|n-V 0U t)^1V, V, n >6V 

• 

125 



mA 

Load Regulation 

(V|n-V out )>1V,V in >6V 

• 


' 

1 

% 

Line Regulation 

6V<V, n <36V 




0.02 

%/V 

Dropout Voltage 

I OU t = 100/xA 

• 



0.06 

V 


Iout = 125mA 

• 

I 


0.85 

V 

Feedback Sense Voltage 

Vin = 12V 


2.38 

2.5 

2.57 

V 

Feedback Bias Current 





50 

nA 

Minimum Load Current 

V| N = 36V 

• 



50 

/xA 

Short Circuit Current 

V (N = 36V 



240 

360 

mA 


xru m 
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LT1120 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Comparator 

Offset Voltage 


• 



10 

mV 

Bias Current 

V| N = 36V (Note 1) 

• 


15 

60 

nA 

Gain 

AVquj = 29V, R L = 20k 

• 

1000 



V/V 

Output Sink Current 

V, n = 4.5V 

• 

5 

10 


mA 

Leakage Current 

V, N = 36V 

• 



8 

* 


The • denotes the specifications which apply over full operating tempera- 
ture range. 

Note 1: For 0V<V CM < 0.1V and T A >85°C I bias max is lOOnA. 


pm Funcnons 

Pin 1 -Ground. 

Pin 2-Feedback. This is the feedback point of the reg- 
ulator. When operating, it is nominally at 2.5 V. Optimum 
source resistance is 200k to 500k. The feedback pin should 
not be driven below ground or more positive than 5V. 

Pin 3— Shutdown. A logic 1 shuts off main regulator. Cau- 
tion: noise or leakage into the shutdown pin can affect 
output voltage. 

Pin 4-Regulator Output. Main output, requires 10/iF out- 
put capacitor. Can be shorted to Vin or ground without 
damaging device. 


Pin 5- Input Supply. Bypass with 10/iF cap. Must always 
be more positive than ground. 

Pin 6-Reference. 2.5V can source or sink current. May be 
shorted to ground or up to 5V. Voltages in excess of 5 V 
can damage the device. 

Pin 7-Comparator Output. May be connected to any volt- 
age from ground to 36V more positive than ground (oper- 
ates above Vin). Short circuit protected. 

Pin 8-Comparator Input. Inverting comparator input. 
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SUPPLY CURRENT (mA) REGULATOR INPUT-OUTPUT DIFFERENTIAL (V) 


LT 11 20 


TYPICAL P€RFORmAAC€ CHARACTERISTICS 


Regulator Load Regulation 


Supply Current 


Regulator Short Circuit Current 



xru m 
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TVPICAl P€flFORflinnC€ CHAAACTEAISTICS 


Comparator Input Bias Current 



-1 -0.6 —0.2 GND 0.2 0.6 1 

COMMON-MODE VOLTAGE (V) 

REFERRED TO PIN 9 (GND) 


Feedback Pin Current 





012345678 
INPUT VOLTAGE (V) 


APPUCflTlOA HlflTS 

The LT1120 is especially suited for micropower system ap- 
plications. For example, the comparator section of the 
LT1020 may be used as a battery checker to provide an in- 
dication of low battery. Another type of system applica- 
tion for the LT1120 would be to generate the equivalent of 
split supplies off of a single power input. The regulator 
section provides regulated output voltage and the refer- 
ence, which can both source and sink current is then an 
artificial system ground providing a split supply for the 
system. 


For many applications the comparator can be frequency 
compensated to operate as an amplifier. Compensation 
values for various gains are given in the datasheet. The 
comparator gain is purposely low to make it easier to fre- 
quency compensate as an amplifier. The NPN output is 
capable of sinking 10mA and can drive loads connected to 
voltages in excess of the positive power supply. This is 
useful for driving switches or linear regulators off of a 
higher input voltage. 
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LT1120 


flPPUCflTIOn HIATS 

Reference 

Internal to the LT1120 is a 2.5 V trimmed class B output 
reference. The reference was designed to be able to 
source or sink current so it could be used in supply split- 
ting applications as well as a general purpose reference 
for external circuitry. The design of the reference allows it 
to source typically 4 or 5mA and sink 2mA. The available 
source and sink current decreases as temperature in- 
creases. It is sometimes desirable to decrease the AC out- 
put impedance by placing an output capacitor on them, 
The reference in the LT1020 becomes unstable with large 
capacitive loads placed directly on it. When using an out- 
put capacitor, about 20Q should be used to isolate the 
capacitor from the reference pin. This 200 resistor can be 
placed directly in series with the capacitor or alternatively 
the reference line can have 200 placed in series with it and 
then a capacitor to ground. This is shown in Figure 1. 
Other than placing large capacitive loads on the 
reference, no other precautions are necessary and the 
reference is stable with nominal stray capacitances. 



Figure 1. Bypassing Reference 
Overload Protection 

The main regulator in the LT1120 is current limited at ap- 
proximately 250mA. The current limit is stable with both 
input voltage and temperature. 


Like most other 1C regulators, a minimum load is required 
on the output of the LT1120 to maintain regulation. For 
most standard regulators this is normally specified at 
5mA. Of course, for a micropower regulator this would be 
a tremendously large current. The output current must be 
large enough to absorb all the leakage current of the pass 
transistor at the maximum operating temperature. It also 
affects the transient response; low output currents have 
long recovery times from load transients. At high operat- 
ing temperatures the minimum load current increases and 
having too low of a load current may cause the output 
to go unregulated. Devices are tested for minimum load 
current at high temperature. The output voltage setting re- 
sistors to the feedback terminal can usually be used to 
provide the minimum load current. 

Frequency Compensation 

The LT1120 is frequency compensated by a dominant pole 
on the output. An output capacitor of 10/tF is usually large 
enough to provide good stability. Increasing the output 
capacitor above 10/tF further improves stability. In order to 
ensure stability, a feedback capacitor is needed between 
the output pin and the feedback pin. This is because stray 
capacitance can form another pole with the large value of 
feedback resistors used with the LT1120. Also, a feedback 
capacitor minimizes noise pickup and improves ripple 
rejection. 

With the large dynamic operating range of the output cur- 
rent, 10000:1, frequency response changes widely. Low AC 
impedance capacitors are needed to insure stability. 
While solid tantalum are best, aluminum electrolytics can 
be used but larger capacitor values may be needed. 
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LT1120 


TVPICAl APPLICATION 


Regulator with Output Voltage Monitor 



LOGIC OUTPUT GOES LOW WHEN 
Vqut DROPS BY lOOmV 


Compensating the Comparator as an Op Amp 


1 Amp Low Dropout Regulator 



10 100Q 0.047/xF - 100k 

100 10k 0.002/iF - 10k 


V| M 



CAPACITORS CAN BE 
PARALLELED. 


5V Regulator 


Regulator with Improved Transient Response 
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1X1120 


TVPICAl APPLICATION 


Battery Backup Regulator 


V 0UT 

MAIN 
POWER 
INPUT 


5V Regulator with Feedback Shutdown 



‘TRANSISTOR USED BECAUSE OF LOW LEAKAGE CHARACTERISTICS. 
TO TURN OFF THE OUTPUT OF THE LT1120 
FORCE FB (PIN 2) >2.5V. 


Current Limited 1 Amp Regulator 


2.2k 0.5Q* 



tMUST HAVE LOW 
ESR. SEVERAL 100/tF 
CAPACITORS CAN BE 
PARALLELED. 
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LT1120 


PACKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

H Package 

8-Lead TO-5 Metal Can 



NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE 


T jMAX 

e jA 

e jC 

150°C 

150°C/W 

45°Q/W 
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LT1 1 7A/LT31 7A 
LM1 1 7/LM31 7 



urn 


'ECHNOLOGY 


FCHTURCS 

■ Guaranteed 1% Output Voltage Tolerance 

■ Guaranteed max. 0.01%/V Line Regulation 

■ Guaranteed max. 0.3% Load Regulation 

■ Min. 1.5A Output Current 

■ 100% Burn-in in Thermal Overload 


RPPUCflTIOnS 

■ Wide Range Power Supplies 

■ Constant Current Supplies 

■ Voltage Programmable Supplies 


Positive Adjustable 
Regulator 

D€SCRIPTIOn 

The LT117A Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT117A is 
the output voltage tolerance is guaranteed at a maxi- 
mum of ± 1%, allowing an overall power supply toler- 
ance to be better than 3% using inexpensive 1% 
resistors. Line and load regulation performance has 
been improved as well. Additionally, the LT1 17A refer- 
ence voltage is guaranteed not to exceed 2% when op- 
erating over the full load, line and power dissipation 
conditions. The LT 1 17A adjustable regulators offer an 
improved solution for all positive voltage regulator re- 
quirements with load currents up to 1.5 amps. 


Regulator with Reference 


Output Voltage Error 




2 4 6 810 20 40 100 


OUTPUT VOLTAGE 


rrimm 

TECHNOLOGY 
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LT1 1 7A/LT31 7A 
LM117/LM317 


absolute maximum ratiags prckrgc/ordcr mFORmnnon 

Power Dissipation Internally Limited 

Input to Output Voltage Differential 40V 

Operating Junction Temperature Range 

LT 1 17A/LM1 17 -55°Cto150°C 

LT317A/LM317 0°Cto125°C 

Storage Temperature Range 

LT 1 17A/LM1 17 -65°Cto150°C 

LT317A/LM317 -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCCOnDITIOmOG: 

100% THERMAL LIMIT BURN-IN 



K PACKAGE 
TO-3 METAL CAN 
(STEEL) 


ORDER 
PART NO. 

LT117AK 
case LT317AK 

OUTPUT LM1 17K 
LM317K 



H PACKAGE 
TO-39 METAL CAN 


ORDER 
PART NO. 

LT117AH 

LT317AH 

LM117H 

LM317H 


o 


D-V IN 

DEVOUT 

3^ADJ 


1 T PACKAGE 

CASE IS TO-220 PLASTIC 

OUTPUT 


ORDER 
PART NO. 

LT317AT 

LM317T 


ELECTRICAL CHARACTERISTICS (See Hole 1) lT117fl/UM17 






LT117A 



LM117 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Iout = 10mA Tj = 25°C 


1.238 

1.250 

1.262 


V 



3V < (V 1M - V 0UT ) < 40V 

10mA < Iout ^taaxi P ^ Pmax 

• 

1.225 

1.250 

1.270 

1.20 

1.25 

1.30 

V 

AVout 

Line Regulation 

3 V < (Vin - V 0UT ) < 40V, (See 









AV| N 


Note 2) 



0.005 

0.01 


0.01 

0.02 

%/v 




• 


0.01 

0.02 


0.02 

0.05 

%/v 

AVout 

Load Regulation 

10mA ^ Iout < taax, (See Note 2) 









AIout 


V 0UT < 5V 



5 

15 


5 

15 

mV 


V 0U T > 5V 



0.1 

0.3 


0.1 

0.3 

% 



V 0UT < 5V 



20 

50 


20 

50 

mV 



Vout > 5V 



0.3 

1 


0.3 

1 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 



0.002 

0.02 


0.03 

0.07 

%/W 


Ripple Rejection 

Vout = 10V, f = 120Hz 











Caqj = 0 



65 



65 


dB 



Cadj = 10^F 


66 

80 


66 

80 


dB 

Iadj 

Adjust Pin Current 




50 

100 


50 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout < Imax 

2.5V < (V w - V 0UT ) < 40V 



0.2 

5 


0.2 

5 

m A 

tain 

Minimum Load Current 

(V, N - Vqut) = 40V 



3.5 

5 


3.5 

5 

mA 


Current Limit 

(V, N - Vqut) < 15V 











K Package 


1.5 

2.2 


1.5 

2.2 


A 



H Package 


0.5 

0.8 


0.5 

0.8 


A 



(Vin - Vout) = 40V, Tj - 25°C 











K Package 


0.3 

0.5 


0.3 

0.4 


A 



H Package 


0.15 

0.2 


0.15 

0.2 


A 

AVout 

Temperature Stability 

— 55°C<Tj< +150°C 



1 

2 


1 


% 

ATemp 











AV„ U t 

Long Term Stability 

T a = 125°C 



0.3 

1 


0.3 

1 

% 

ATime 











e n 

RMS Output Noise (% of V 0 ut) 

T a = 25°C, 10Hz < f < 10kHz 


0.001 

0.001 

% 

®jc 

Thermal Resistance 

H Package 



12 

15 


12 

15 

°C/W 

Junction to Case 

K Package 



2.3 

3 


2.3 

3 

°c/w 
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LT1 1 7A/LT31 7A 
LM1 1 7/LM31 7 


ELECTRICAL CHARACTERISTICS (See Rote 1) IT317A/UIB17 







LT317A 



LM317 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Iout = 10mA Tj = 25°C 


1.238 

1.250 

1.262 


V 



3V < (Vim - V 0 ) < 40V 

10mA < Iout ^Imax. P ^ Pmax 

• 

1.225 

1.250 

i.27o : 

1.20 

1.25 

1.30 

V 

AVqut 

Line Regulation 

3V < (Vin - Vout) < 40V, (See 










av, n 


Note 2) 



0.005 

0.01 


0.01 

0.04 

%/v 




• 


0.01 

0.02 ! 


0.02 

0.07 

%/v 

4 Vout 

Load Regulation 

10mA < Iqut < l m ax. (See Note 2) 









AIout 


V 0 <5V 



5 

25 


5 

25 

mV 



V 0 > 5V 



0.1 

0.5 


0.1 

0.5 

% 



V 0 < 5V 

• 


20 

50 


20 

70 

mV 



V 0 > 5V 

• 


0,3 

1 


0.3 

1.5 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 

• 


0.002 

0.02 


0.04 

0.07 

%/W 


Ripple Rejection 

V 0 = 10V, f - 120Hz 











Cadj = 0 



65 



65 


dB 



Cadj = 10/xF 


66 

80 


66 

80 


dB 

Iadj 

Adjust Pin Current 




50 

100 


50 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout < lmax 

2.5V < (V, N - Vout) < 40V 



0.2 

5 


0.2 

5 

mA 

Imin 

Minimum Load Current 

(V, N - Vqut) = 40V 



3.5 

10 


3.5 

10 

mA 


Current Limit 

(V, N - Vout) < 15V 











K and T Package 

• 

1.5 

2.2 


1.5 

2.2 


A 



H Package 

• 

0.5 

0.8 


0.5 

0.8 


A 



(V, N - Vout) = 40V, T j = 25°C 











K and T Package 


0.15 

0.4 


0.15 

0.4 


A 



H Package 


0.075 

0.2 


0.075 

0.2 


A 

AVqut 

Temperature Stability 

0°C < Tj < 125°C 



1 

2 


1 


% 

ATemp 











AVout 

Long Term Stability 

T a = 125°C 



0.3 

1 


0.3 

1 

% 

ATime 











e„ 

RMS Output Noise 
(% of Vout) 

T a = 25°C, 10Hz < f < 10kHz 


0.001 

0.001 

% 

©jc 

Thermal Resistance 

H Package 



12 

15 


12 

15 

°C/W 

Junction to Case 

K Package 



2.3 

3 


2.3 

3 

°c/w 


! 

T Package 



4 

5 


4 


°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, these specifications apply for V (N 
- Vout = 5V; and I 0 ut = 0.1 A for the TO-39 and I 0 ut = 0.5A for 
the T0-3 and TO-220 packages. Although power dissipation is 
internally limited, these specifications are applicable for power 
dissipations of 2W for the TO-39, and 20W for the TO-3 and T0-220. 
•max is 1.5A for the TO-3 and TO-220 packages and 0.5A for the TO- 
39. 


Note 2: Regulation is measured at constant junction temperature, using 
pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal 
regulation. Load regulation is measured on the output pin at a point Vs" 
below the base of the K and H package and at the junction of the wide 
and narrow portion of the lead on the T package. 


xruiai 
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LT1 1 7A/LT31 7A 
LM1 1 7/LM31 7 


TYPICAL PCRFOftmnnCC CHARACTERISTICS 


Output Impedance 



Line Transient Response 




O cs 


1.5 

S 1 

z 

~ 0.5 
0 
0.5 
-1 
1 

0.5 

0 








Vout 

= 10V 



= o, 

Cad. 

= ( 


•out 

Tj" 

25° 



t 








C| = 1 

tF, C 

\dj = 



10 

1 

uF 

% 






r_ 



- 








- 




















0 10 20 30 40 

TIME (fis) 


Load Transient Response 



APPUCHTIOAS lAFORmATIOn 

General: The LT1 17A develops a 1.25V reference volt- 
age between the output and the adjustable terminal 
(see Figure 1). By placing a resistor, R1, between these 
two terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 


— y 9 Vout 

Vref | Ri 

_ i — 1 Vout = Vref ( 1 + + Iadj R2 


Figure 1 

Because Iadj is very small and constant when com- 
pared with the current through RI, it represents a 
small error and can usually be ignored. 

It is easily seen from the above equation, that even if 
the resistors were of exact value, the accuracy of the 
output is limited by the accuracy of V RE f. Earlier ad- 
justable regulators had a reference tolerance of ± 4%. 
This tolerance is dangerously close to the ± 5% sup- 
ply tolerance required in many logic and analog sys- 
tems. Further, many 1% resistors can drift 0.01%/ °C 
adding another 1% to the output voltage tolerance. 



LT317A 

IN OUT 

AW 


Iadj l ^ 



For example, using 2% resistors and ±4% toler- 
ance for Vref, calculations will show that the 
expected range of a 5V regulator design would be 
4.66V « Vout « 5.36V or approximately ±7%. If the 
same example were used for a 15V regulator, the ex- 
pected tolerance would be ±8%. With these results 
most applications require some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 


One of the enhancements of Linear Technology’s ad- 
justable regulators over existing devices is tightened 
initial tolerance. This allows relatively inexpensive 1% 
or 2% film resistors to be used for RI and R2 while set- 
ting output voltage within an acceptable tolerance 
range. 


With a guaranteed 1% reference, a 5V power supply 
design, using ±2% resistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1% resistors 
were used, the tolerance would drop to ±2.5%. A plot 
of the worst case output voltage tolerance as a func- 
tion of resistor tolerance is shown on the front page. 
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LT1 1 7A/LT31 7 A 
LM117/LM317 


For convenience, a table of standard 1% resistor val- 
ues is shown below. 

Table of %% and 1% Standard Resistance Values 


eliminates the need for this diode when the adjustment 
pin is bypassed with a capacitor to improve ripple 
rejection. 


1.00 

1.47 

2.15 

3.16 

4.64 

6.81 

1.02 

1.50 

2.21 

3.24 

4.75 

6.98 

1.05 

1.54 

2.26 

3.32 

4.87 

7.15 

1.07 

1.58 

2.32 

3.40 

4.99 

7.32 

1.10 

1.62 

2.37 

3.48 

5.11 

7.50 

1.13 

1.65 

2.43 

3.57 

5.23 

7.68 

1.15 

1.69 

2.49 

3.65 

5.36 

7.87 

1.18 

1.74 

2.55 

3.74 

5.49 

8.06 

1.21 

1.78 

2.61 

3.83 

5.62 

8.25 

1.24 

1.82 

2.67 

3.92 

5.76 

8.45 

1.27 

1.87 

2.74 

4.02 

5.90 

8.66 

1.30 

1.91 

2.80 

4.12 

6.04 

8.87 

1.33 

1.96 

2.87 

4.22 

6.19 

9.09 

1.37 

2.00 

2.94 

4.32 

6.34 

9.31 

1.40 

2.05 

3.01 

4.42 

6.49 

9.53 

1.43 

2.10 

3.09 

4.53 

6.65 

9.76 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre- 
sent 1.2112, 12.112, 12112, 1.21K12 etc. 


Bypass Capacitors: Input bypassing using a IjuF tanta- 
lum or 25/u.F electrolytic is recommended when the in- 
put filter capacitors are more than 5 inches from the 
device. Improved ripple rejection (80 dB) can be ac- 
complished by adding a lO^F capacitor from the ad- 
just pin to ground. Increasing the size of the capacitor 
to 20juF will help ripple rejection at low output voltage 
since the reactance of this capacitor should be small 
compared to the voltage setting resistor, R2. For im- 
proved AC transient response and to prevent the pos- 
sibility of oscillation due to unknown reactive load, a 
VF capacitor is also recommended at the output. Be- 
cause of their low impedance at high frequencies, the 
best type of capacitor to use is solid tantalum. 

Protection Diodes: The LT117A/317A do not require a 
protection diode from the adjustment terminal to the 
output (see Figure 2). Improved internal circuitry 



If a very large output capacitor is used, such as a 
100/uF shown in Figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred. This is due to the output ca- 
pacitor discharging into the output terminal of the reg- 
ulator. To prevent damage a diode D1 is recommended 
to safely discharge the capacitor. 

Load Regulation: Because the LT1 17A is a three-termi- 
nal device, it is not possible to provide true remote 
load sensing. Load regulation will be limited by the re- 
sistance of the wire connecting the regulator to the 
load. For the data sheet specification, regulation is 
measured at the bottom of the package. Negative side 
sensing is a true Kelvin connection, with the bottom of 
the output divider returned to the negative side of the 
load. Although it may not be immediately obvious, best 
load regulation is obtained when the top of the divider 
is connected directly to the case not to the load. This 
is illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 

( R2 + R1 \ 

— — — j , R p = Parasitic Line Resistance. 

Connected as shown, R p is not multiplied by the divid- 
er ratio. R p is about 0.0040 per foot using 16 guage 
wire. This translates to 4mV/ft at 1A load current, so it 
important to keep the positive lead between regulator 
and load as short as possible. 

Rp 



Connections for Best Load Regulation 
Figure 3 
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LT1 1 7A/LT31 7A 
LM1 1 7/LM31 7 


typical nppucnnons 


1 .2V-25V Adjustable Regulator 


Improving Ripple Rejection 




Needed if device is far from 
filter capactiors 


COMPARED TO R2 

5V Regulator with Shut Down 


Remote Sensing 


Rp (MAX DROP 300mV) OUTPUT 

VvV— 




21V Programming Supply for UV PROM/EEROM 


2816 EEPROM Supply Programmer for Read/Write Control 

I 


i mF 


r 

i 


LT317A 

IN OUT 


2430 

1 % 


+ 

:i mF 5v 



OE 

Vpp 

READ 

ov 

5 V 

WRITE 


BYTE 

5V 

21V 

CHIP 

ERASE 

12V 

21V 


VF 


1 


LT317AH 

IN OUT 

ADJ 


7500 

1% SELECT C FOR DESIRED RISE TIME 


TOVpp 


£ 3k l c 

r I 


2490 

1 % 


7500 

1 % 


Temperature Compensated Lead Acid Battery Charger 




,24k 

1 % 


ALL GATES 7406 


t 
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LT1 1 7A/LT31 7A 
LM1 1 7/LM31 7 



PACKAGE DCSCAIPTIOA 


K Package TO-3 STEEL Metal Can T Package TO-220 Plastic 


H Package 3-Lead Metal Can 
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LT1 1 7AHV/LT31 7AHV 
LM 1 1 7HV/LM3 1 7HV 


/rurm 

TECHNOLOGY 


FCHTURCS 

■ 60V Operation 

■ Guaranteed 1% Output Voltage Tolerance 

■ Guaranteed max. 0.01%/V Line Regulation 

■ Guaranteed max. 0.3% Load Regulation 

■ Min. 1.5A Output Current 

■ 100% Burn-in in Thermal Overload 


APPUCOTIOnS 

■ Wide Range Power Supplies 

■ Constant Current Supplies 

■ Voltage Programmable Supplies 


High Voltage Positive 
Adjustable Regulators 

DCSCRIPTIOn 

The LT117AHV Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT 1 1 7AHV is 
the output voltage tolerance is guaranteed at a maximum 
of ±1%, allowing an overall power supply tolerance to be 
better than 3% using inexpensive 1% resistors. Line and 
load regulation performance has been improved as well. 
Additionally, the LT117AHV reference voltage is guaran- 
teed not to exceed 2% when operating over the full load, 
line and power dissipation conditions. The LT117AHV 
adjustable regulators offer an improved solution for all 
positive voltage regulator requirements with load cur- 
rents up to 1.5 amps. For performance curves and ap- 
plications circuits see the LT117A series data sheet. 


Regulator with Reference 


Output Voltage Error 




OUTPUT VOLTAGE 


xTunas 


4-145 







LT1 1 7AHV/LT31 7AHV 
LM1 17HV/LM317HV 


absolute mnximum ratiags package/order mFonmnnon 

Power Dissipation Internally Limited 

Input to Output Voltage Differential 60V 

Operating Junction Temperature Range 

LT117AHV/LM117HV -55°Cto150°C 

LT317AHV/LM317HV 0°Cto125°C 

Storage Temperature Range 

LT117AHV/LM117HV -65°Cto150°C 

LT317AHV/LM317HV -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


BOTTOM VIEW ORDER 

'o\v« PARTNO. 

LT117AHVK 
case LT317AHVK 

Snwr LM117HVK 

TO K 3METALCAN LM31 7HVK 

(STEEL) 



ORDER 
PART NO. 

INPUT 

ADJ LT117AHVH 
LT317AHVH 
U ™ T LM117HVH 

H PACKAGE LM317HVH 

TO-39 METAL CAN 



PRCCOADITIOniAG: 

100% THERMAL LIMIT BURN-IN 


ELECTRICAL CHARACTERISTICS (See Note 1) LT117AHV/LM117HV 





LT117AHV 



LM117HV 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Iout “ 10mA Tj = 25°C 


1.238 

1.250 

1262 


V 



3V<(V in -V OU t)<60V 

10mA ^ 1 OUT ^ lmax> P ^ ^max 

• 

1225 

1.250 

1.270 

1.20 

1.25 

1.30 

V 

AVquT 

Line Regulation 

3V < (V, N - V 0UT ) < 60V (See 









av 1n 


Note 2) 



0.005 

0,01 


0.01 

0.02 

%/v 




• 


0.01 

0.02 


0.02 

0.05 

%/v 

AV 0 „t 

Load Regulation 

10mA ^ Iout < Lax, (See Note 2) 









AIout 


V 0UT < 5V 



5 

15 


5 

15 

mV 



Vout > 5V 



0.1 

0.3 


0.1 

0.3 

% 



V 0UT < 5V 



20 

50 


20 

50 

mV 



Vout > 5V 



0.3 

1 


0.3 

1 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 



0.002 

p 

f§ 


0.03 

0.07 

%/W 


Ripple Rejection 

Vout = 10V, f = 120Hz 











Cadj = 0 



65 



65 


dB 



Cadj = 10mF 


66 

80 


66 

80 


dB 

Iadj 

Adjust Pin Current 




50 

100 


50 

100 

mA 

aIadj 

Adjust Pin Current Change 

10mA ^ 1 out ^ Imax 

2.5V <(V, N - V 0UT ) < 60V 



0.2 

5 


0.2 

5 

mA 

Lin 

Minimum Load Current 

(Vin- V 0UT ) = 60V 



3.5 

7 


3.5 

7 

mA 


Current Limit 

(V,n " Vout) < 15V 











K Package 


1.5 

2.2 


1.5 

2.2 


A 



H Package 


0.5 

0.8 


0.5 

0.8 


A 



(Vin- Vout) = 60V, T) = 25°C 











K Package 



0.1 



0.1 


A 



H Package 



0.03 



0.03 


A 

AVout 

Temperature Stability 

— 55°C ^ Tj < +150°C 



1 

2 


1 


% 

ATemp 











AVqut 

Long Term Stability 

T a = 125°C 



0.3 

1 


0.3 

1 

% 

ATime 











6n 

RMS Output Noise (% of V 0 U t) 

T a = 25°C, 10Hz ^ f < 10kHz 


0.001 

0.001 

% 

@jc 

Thermal Resistance 

H Package 



12 

15 


12 

15 

°C/W 

Junction to Case 

K Package 



2.3 

3 


2.3 

3 

°c/w 
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LT1 1 7AHV/LT31 7AHV 
LM1 17HV/LM317HV 


€l€CTftlCAl CHflRACTCftlSTICS (See Note 1) LT317AHV/LM317HV 






LT317AHV 



LM317HV 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Iout = 10mA Tj = 25°C 


1238 

1,250 

1262 


V 



3 V < (V, N - V 0 ) < 60V 

10mA < Iqut < Imax. P < Pmax 

• 

1225 

1250 

1270 

1.20 

1.25 

1.30 

V 

AVout 

Line Regulation 

3V < (V IN - V 0U t) < 60V (See 









AVin 


Note 2) 



0.005 

0.01 


0.01 

0.04 

%/v 




• 


0.01 

0.02 


0.02 

0.07 

%/v 

AVqut 

Load Regulation 

10mA < Iout < Imax, (See Note 2) 









AIout 


V 0 <5 V 



5 

25 


5 

25 

mV 



V 0 ^ 5 V 



0.1 

0.5 


0.1 

0.5 

% 



V 0 < 5 V 

• 


20 

50 


20 

70 

mV 



V 0 > 5V 

• 


0.3 

1 


0.3 

1.5 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 



0,002 

0.02 


0.04 

0.07 

%/W 


Ripple Rejection 

V 0 = 10V, f = 120Hz 











Cadj = 0 

• 


65 



65 


dB 



Cadj = IOmF 

• 

66 

80 


66 

80 


dB 

Iadj 

Adjust Pin Current 


• 


50 

100 


50 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iqut ^ 'max 

2.5V < (V, N - V 0UT ) < 60V 



0.2 

5 


0.2 

5 


Imin 

Minimum Load Current 

(V| N -V OU t) = 60V 



3.5 

12 


3.5 

12 

mA 


Current Limit 

(V| N ~ Vqut) < 15V 











K Package 

• 

1.5 

2.2 


1.5 

2.2 


A 



H Package 

• 

0.5 

0.8 


0.5 

0.8 


A 



(V|n-V O ut) = 60V,T| = 25°C 











K Package 



0.1 



0.1 


A 



H Package 



0.03 



0.03 


A 

AVout 

Temperature Stability 

0°C < T, ^ 125°C 



1 

2 


1 


% 

ATemp 











AVout 

ATime 

Long Term Stability 

T a = 125°C 



0.3 

1 


0.3 

1 

% 

e n 

RMS Output Noise 
(% of V 0UT ) 

T a = 25°C, 10Hz < f < 10kHz 


0.001 

0.001 

% 

®jc 

Thermal Resistance 

H Package 



12 

15 


12 

15 

°C/W 


Junction to Case 

K Package 



2.3 

3 


2.3 

3 

°C/W 



The • denotes the specifications which apply over the full operating Note 2: Regulation is measured at constant junction temperature, using 

temperature range. pulse testing with a low duty cycle. Changes in output voltage due to 

The shaded electrical specifications indicate those parameters which heating effects are covered under the specification for thermal regulation, 

have been improved or guaranteed test limits provided for the first time. 

Note 1: Unless otherwise specified, these specifications apply for 
(V|n ” V 0 U t) — 5V: and l OUT =0.1A for the TO-39 and | OUT =0.5A for the 
TO-3 package. Although power dissipation is internally limited, these 
specifications are applicable for power dissipations of 2W for the TO-39, 
and 20W for the TO-3. I MAX is 1 ,5A for the TO-3 package and 0.5A for 
the TO-39. 
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LT1 1 7AHV/LT31 7AHV 
LM1 17HV/LM317HV 


soicmnnc DinGRnm 



PRCKRG6 D6SCRIPTIOR Dimensions in inches (millimeters) unless otherwise noted. 


K Package TO-3 STEEL Metal Can 


H Package 3-Lead Metal Can 



0 760 - 0 775 
(19 30-19 69) 

0 116 

t 

120-0 350 


(2 95) 
MAX 

13-8 89) 






0.350 - 0 370 , 
(8 890-9 398) 
OIA 

0 305-0 335 

" 0 050 

(1 270) 

55-0 195 — 1 
91 -4.953) 

1 

(7 747-8.509) 
OIA 


1 1 

1 t “TT 

0 500 U 

(12 70) n 

T U 

IT 

it 

t 

. 0 016-0 01! 
(0 406-0 48! 
DIA 3 LEADS 




T| max. 

0ja 

% 

117AHV 

117HV 

150°C 

35°C/W 

3°C/W 

317AHV 

317HV 

125°C 

35°C/W 

3°C/W 



Tj max. 

0ja 

0jc 

117AHV 

117HV 

150°C 

150°C/W 

15°C/W 

317AHV 

317HV 

125°C 

150°C/W 

15°C/W 
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LT123A/LT323A 

LM123/LM323 


/rum 

TECHNOLOGY 


Kimiircs 

■ Guaranteed 1% Initial Tolerance of Output Voltage 

■ 3 Amp Output Current 

■ 30 Watt 

■ Full Internal Overload Protection 

■ 100% Burn-in in Thermal Limit 


APPUCOTIOnS 

■ Local 5V Regulators 

■ On Card Regulation 

■ Lab Supplies 

■ Instrumentation Supplies 


5 Volt, 3 Amp 
Voltage Regulator 

DCSCRIPTIOn 

The LT123A/LT323A is an improved version of the 
popular LM123/LM323 5 Volt, 3 Amp Regulator. 
These new devices offer maximum initial output volt- 
age tolerance of 1% and maintain a maximum toler- 
ance of 3% over worst case operating conditions. Line 
and load regulation are also improved by a factor of 2. 
These tightened specifications ease design and appli- 
cation problems since safety margins are improved. 
Also, error budgets in other parts of the system can be 
expanded, and output voltages at the end of long sup- 
ply runs can be more accurately maintained. 

The LT123A/LT323A incorporates Linear Technol- 
ogy’s advanced design, process and test techniques 
for improved quality and reliability over similar device 
types. Specifically, all devices are burned in by short- 
ing the output, thereby forcing the regulator into its 
current limit and eventually, thermal limit. This en- 
sures that all device protection features are function- 
al. A graph of the worst case output voltage, taking 
into account temperature, load and line variations, 
and power dissipation is shown below. For higher out- 
put current requirements, see the LT1003, 5V, 5A reg- 
ulator data sheet. 


Precision 5 Volt Regulator 


Worst Case Output Voltage 


2.0 mF 
SOLID 
TANTALUM 


I 

I 


LT323A 

V* OUT 

GND 


5V ± 1% 
@3A 


1+10 yuF 
dp SOLID 
TANTALUM 



-50 -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 


/TuntAB 
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LT123A/LT323A 

LM123/LM323 


flfisoiuTC maximum rotirgs prckrg€/ord€R mFORmnnoR 

Input Voltage 20 Volts 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 

LT123A/LM123 -55°Cto150°C 

LT323A/LM323 0°Cto125°C 

Storage Temperature Range 

LT123A/LM123 -65°Cto150°C 

LT323A/LM323 -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PR€CORDITIORIRG: 

Thermal limit burn-in for all devices. 


BOTTOM VIEW 
V* DUT 



CASE 

VO/'B 

x 7 GROUND 
K PACKAGE 
TO-3 METAL CAN 
(STEEL) 


ORDER PART NO. 


LT123AK 

LT323AK 

LM123K 

LM323K 


CASE IS GND 

J 


VoilT 


o 


T PACKAGE 
TO-220 PLASTIC 


LT323AT 

LM323T 


€l€CTRICRl CHARACTERISTICS (See Rote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT123A 

MIN TYP MAX 

LM123 

MIN TYP MAX 

UNITS 

VoUT 

Output Voltage 

Tj - 25°C, Vim « 7.5V, I 0U t - 0 


4.95 5.0 5.05 

4.7 5.0 5.3 

V 

7.5V < V, N < 15V, T min < Tj < 
Tmax 

0 < Iqut < 3A, P < 30W 

• 

4.85 5.0 5.15 

4.6 5.4 

V 

AVout 

AVin 

Line Regulation 

Ti = 25°C, 7.5V < V| N < 15V 
(See Note 1) 


5 10 

5 25 

mV 

AVout 

AIout 

Load Regulation 

Tj = 25°C, V 1M = 7.5V 

0 < Iout < 3A (See Note 1) 


25 50 

25 100 

mV 

Iq 

Quiescent Current 

7.5V < Vim < 15V, 0 < l 0UT < 3A 

• 

12 20 

12 20 

mA 

e n 

Output Noise Voltage 

Tj = 25°C, 10Hz ^ f < 100kHz 


40 

40 

MVrms 

Isc 

Short Circuit 

Current Limit 

Tj = 25°C, 

Vim = 15V 

V in = 7.5 V 


3 4.5 

4 6 

3 4.5 

4 5 

A 

A 


Long Term Stability of Output 
Voltage 

(See Note 3) 


35 

35 

mV 

0JC 

Thermal Resistance Junction to 
Case 

(See Note 3) 

K Package 


1.8 2.5 

1.8 

°C/W 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width < 1msec and duty cycle < 5%. 
Note 2: T min = — 55°C for the LT123A/LM123 and 0°C for LT323A/ 
LM323. T max = 150°C for LT123A/LM123 and 125°C for LT323A/ 
LM323. 

Note 3: Guaranteed, but not tested. 
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LT123A/LT323A 

LM123/LM323 


ELECTRICAL CHARACTERISTICS (See Rote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT323A 

MIN TYP MAX 

LM323 

MIN TYP MAX 

UNITS 

VOUT 

Output Voltage 

T, = 25°C, V, N = 7.5V, Iout - 0 


4.95 5.0 5.05 

4.8 5.0 5.2 

V 

7.5V < Vin < 15V, Tmin ^ Tj < 
Tmax 

0 < Iout < 3A, P < 30W (Note 2) 

• 

4.85 5.0 5.15 

4.75 5.0 5.25 

V 

AVqmt 

av in I 

Line Regulation 

T = 25°C, 7.5V < Vin < 15V 
(See Note 1) 


5 10 

5 25 

mV 

,ft v gvT,, 

AIout 

Load Regulation 

T, - 25°C, V, N = 7.5V 

0 < Iout < 3A (See Note 1) 

i 

25 50 

25 100 

mV 

Iq 

Quiescent Current 

7.5 V < V IN < 15V, 0 < Iout < 3A 

• 

12 20 

12 20 

mA 

e n 

Output Noise Voltage 

T, = 25°C, 10Hz < f < 100kHz 


40 

40 

M^rms 

lsc 

Short Circuit 

Current Limit 

T. = 25°C, 

V IN = 15V 

V| N = 7.5 V (See Note 4) 


3 4.5 

4 6 

3 4.5 

4 5 

A 

A 


Long Term Stability of Output 
Voltage 

(See Note 3) 


35 

35 

mV 

0jc 

Thermal Resistance Junction to 
Case 

(See Note 3) 

K Package 

T Package 


1.8 2.5 

2.5 4.0 

1.8 

3.0 

°C/W 

°C/W 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Load and line regulation are tested with pulsed low duty 
cycle techniques where pulse width ^ 1msec and duty cycle < 5%. 
Note 2: T min = -55°C for the LT123A/LM123 and 0°C for LT323A/ 
LM323. T max = + 150°C for LT123A/LM123 and + 125°C for 
LT323A/LM323. 

Note 3: Guaranteed, but not tested. 

Note 4: l sc at V IN = 7.5 V is 6A max for LM323T. 


Tvpicni PCRFORmnncc characteristics 


Dropout Voltage 



- 75 - 50-25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Voltage Temperature Drift 



- 50-25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


/yurm 
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LT123A/LT323A 

LM123/LM323 

typical p€RFORmnnc€ characteristics 

Suggested Heat Suggested Heat 

Peak Available Output Current Sink Thermal Resistance Sink Thermal Resistance 



5 10 15 20 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 

INPUT VOLTAGE (V) POWER DISSIPATION (WATTS) POWER DISSIPATION (WATTS) 


Output Impedance Output Noise Voltage Ripple Rejection 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

100 Ik 10k 100k 

BANDWIDTH (Hz) 1 POLE ROLLOFF 

1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

Line Transient Response 

Load Transient Response 

Quiescent Current 



012345 012345 048 12 16 20 

TIME (ms) TIME (mS) INPUT VOLTAGE (V) 
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LT123A/LT323A 

LM123/LM323 


APPucOTions mFonmnnon 

Bypass Capacitors: The LT123A does not require an 
output capacitor for resistive loads. For almost all ap- 
plications, however, a VFor larger solid tantalum ca- 
pacitor should be used at the output within 2 " of the 
regulator to improve the output impedance at high fre- 
quencies. For applications where very low high fre- 
quency impedance is required, a 10^F solid tantalum 
output capacitor is recommended. Total output ca- 
pacitance either local or distributed may be increased 
without limit. 

A 2/iF or larger solid tantalum capacitor or a 25^F alu- 
minum capacitor, must be used at the input if the regu- 
lator is more than 4" away from the large rectifier 
capacitor. 


Avoiding Ground Loops: For best regulation, the ground 
pin of the LT123A should be tied directly to the load 
point as shown. This prevents excess drop in load 
voltage caused by load current flowing through the 
ground return lead. This is essentially a Kelvin con- 
nection for the low side of the regulator. A Kelvin con- 
nection cannot be made for the high output of 
regulator because only three pins are available on the 
package. Therefore, every attempt should be made to 
minimize the resistance between the output pin of the 
regulator and the load. #18 gauge hookup wire has a 
resistance of 0.006 ohms per foot. This translates to 
0.36% change in load voltage at full load current. The 
LT123A is specified at 1% maximum load regulation, 
so one foot of wire represents a significant loss of reg- 
ulation. If connectors are used, careful consideration 
must be given to contact resistance, especially if the 
connector is subjected to nasty ambients, vibration, or 
multiple insertions. 


KEEP THIS RESISTANCE LOW 
(<0.005Q) 



Raw Supply: Transformer, diode, and capacitor selec- 
tion for the raw supply to the LT123A is very important 
because of the conflicting requirements for reliability, 
efficiency, and resistance to “brown-out” conditions. 
High secondary voltage on the transformer will cause 
unnecessarily high power dissipation in the regulator. 
Too low a secondary voltage will cause the regulator 
output to drop out of regulation with only a small re- 
duction in AC mains voltage. The following formula 
gives a good starting point for transformer selection. 
This formula assumes a center tapped transformer, 
using two rectifier diodes. 

where: 

V 0UT = 5V 

V D o = Minimum input-output differential of the 
regulator 

Vrect = Rectifier forward drop at 3Iout 
Vrip = Vi p-p capacitor ripple voltage 

. . (5-3 X 10~ 3 ) (Iqut) 

2C 

Vnom = Rated line voltage for the transformer 
(RMS) 

V L ow = Lowest expected line voltage (RMS) 

Iout = DC output current 

*1.1 is a nominal load regulation factor for the 
transformer 


XTypa® 
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LT123A/LT323A 

LM123/LM323 


flppucffnons ifiFonmnnon 


Example: Iout = 2.5A, V 0 ut = 5V 
Assume: V D0 = 2.5V, V REC t = 1.1V, C - 8,000^F 
Vnom = 115V, V L0W = 0.88V 


V rip = (5.3X10-)(2. 5 ) = 083V 
2 (8 X 10~ 3 ) 


Vrms 


5 - 2.5 ■ 1.1 + 0.83 

V2 


)(■ 


= 8.03 Vr M s 

V rms = ( V ° UT + Vp ° + Vrect + Vrip ^ 

RMS \ V2 

•rms = (Iout)(1-2) 


)( 


(i.i) 

Vnom | 
Vlow ) 


(1.1*) 


The filter capacitor should be at least 2000mF per amp 
of load current to minimize capacitor heating and rip- 
ple voltage. The diodes should be rated at 5-6 amps 
even though their average current is only 1.5A at full 
rated load current. The reason for this is that although 
the average current is 1.5A, the RMS current is typi- 
cally twice this value. In addition, the diode must with- 
stand very high surge currents during power turn-on. 
This surge can be 10-20 times the DC rating of the 
supply, depending on capacitor size and wiring resis- 
tance and inductance. 


TVPicni Appucmrions 


D1 




t Q2 AND D1 MUST WITHSTAND LARGE SURGE CURRENTS 
UNTIL THE 5A FUSE BLOWS. PEAK SURGE CURRENT IS 
LIMITED ONLY BY THE FUSE, WIRING, AND FILTER CAP 
RESISTANCE. 

It TRIP POINT IS APPROXIMATELY 7.3V. 


* THE 6.4V ZENER IS INTERNAL TO THE LT123A. 

* * 01 MUST BE ABLE TO WITHSTAND CONTINUOUS CURRENTS 

OF 5A IF ADDITIONAL SYSTEM SHUTDOWN IS NOT USED. 
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LT123A/LT323A 

LM123/LM323 



PACKAGC DCSCAIPTIOA 


T Package TO-220 




(4 318-4 572) 

0 045-0 055 

* (1 143-1397) 

i 

0 250 ±0 020 

(6 350 ±0 508) 

i 



Tj max. 

*ia 

0jc 

LT323AT 

LM323T 

125°C 

50°C/W 

2.5°C/W 
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F€RTUR€S 

■ Guaranteed 1% Initial Voltage Tolerance 

■ Guaranteed 0.01%/V Line Regulation 

■ Guaranteed 0.5% Load Regulation 

■ Guaranteed 0.02%/\N Thermal Regulation 

■ 100% Burn-in in Thermal Limit 


rppucotiors 

■ Adjustable Power Supplies 

■ System Power Supplies 

■ Precision Voltage/Current Regulators 

■ On-Card Regulators 


LT137A/LM137 
LT337A/LM337 

Negative Adjustable 
Regulator 

DCSCRIPTIOn 

The LT137A/LT337A negative adjustable regulators 
will deliver up to 1.5Amps output current over an out- 
put voltage range of — 1.2V to -37 V. Linear Technol- 
ogy has made significant improvements in these 
regulators compared to previous devices, such as bet- 
ter line and load regulation, and a maximum output 
voltage error of 1%. 

Every effort has been made to make these devices 
easy to use and difficult to damage. Internal current 
and power limiting coupled with true thermal limiting 
prevents device damage due to overloads or shorts, 
even if the regulator is not fastened to a heat sink. 

Maximum reliability is attained with Linear Technol- 
ogy’s advanced processing techniques combined with 
a 100% burn-in in the thermal limit mode. This as- 
sures that all device protection circuits are working 
and eliminates field failures experienced with other 
regulators that receive only standard electrical 
testing. 


Negative Regulator 




2 4 6 810 20 40 100 

OUTPUT VOLTAGE 


rrimm 
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LT137A/LM137 

LT337A/LM337 


rbsoiutc maximum rrtirgs 

Power Dissipation Internally Limited 

Input to Output Voltage Differential 40V 

Operating Junction Temperature Range 

LT137A/LM137 -55°Cto150°C 

LT337A/LM337 0°Cto125°C 

Storage Temperature Range 

LT137A/LM137 -65°Cto150°C 

LT337A/LM337 -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

pRcconoiTionmG 

100% THERMAL LIMIT BURN-IN 


PRCKRGC/ORDCR IRFORmRTIOR 



ELECTRICAL CHRRRCTCRISTICS (See Rote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT137A 

TYP 

MAX 

MIN 

LM137 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

|V,n-VoutI 

= 5V, Iqut = 10mA, 1 











Tj = 25°C 


itli 

rr 1,250 

m m 

-1.225 

-1.250 

-1.275 

V 



3V « |V,n 

— Vout 1 < 40V 1 


f'.y-}'/. 









10mA < I 0 ut < 'max, P < Pmax 

• 

1-1,220- 

— 1.250 

-1.280 

-1.200 

-1.250 

-1.300 

V 

AVniu 

Load Regulation 

10mA < Iqut ^ Imax, (See Note 2) 









AIout 


T, = 25°C,|V 0UT |« 5V 



5 

25 


15 

25 

mV 



Tj = 25°C, ivourt > 5V 



0.1 

0.5 


0.3 

0.5 

% 




|Vout|<5V 

• 


10 

50 


20 

50 

mV 




|VoutI>5V 

• 


0.2 

1.0 


0.3 

1.0 

% 

AVout 

Line Regulation 

3V < |V IN - 

-Vout I « 40V, (See 









AVim 


Note 2) 












Tj = 25°C i 



0.005 

0.01 


0.01 

0.02 

%/V 





• 


401 

0,03 


0.02 

0.05 

%/v 


Ripple Rejection 

Vout = - 

10V, f = 120Hz 











Cadj - 0 


60 

66 

v ; vj 


60 


dB 



Cadj = 

• 

70 

80 


66 

77 


dB 


Thermal Regulation 

Tj = 25°C, 10msec Pulse 



0.002 

0.02 


0.002 

0.02 

%/W 

•adj 

Adjust Pin Current 


• 


mU. 

100 


65 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < | 0UT < | MAX 

• 



2 "vf 


0.5 

5 

mA 



3V < V, N 

Vout < 40V 



1.0 

5 ft 


2 

5 

mA 


Minimum Load Current 

V| N -V 0 ut 

< 40V 

• 


2.5 

5.0 


2.5 

5.0 

mA 



Vin“V 0 ut 

< 10V 



1.2 

3.0 


1.2 

3.0 

mA 

•sc 

Current Limit 

V| N -V 0 mt 

< 15V, 











K and T Package 

• 

1.5 

2.2 

3.2 

1.5 

2.2 


A 



H Package 

• 

0.5 

0.8 

1.5 

0.5 

0.8 


A 



V| N — V 0UT 1 

= 40V, j 











K and T Package 1 


0.24 

0.4 

1.0 

0.24 

0.4 


A 



Tj = 25°C 

H Package 


0.15 

0.25 

0.5 

0.15 

0.25 


A 

AVout 

Temperature Stability of Output 











ATemp 

Voltage (Note 4) 

Tmin < T < T MA x 

9 _ 


0.6 

"■Mr. | 


0.6 


% 

AV out 

Long Term Stability 

T a = 125°C, 1000 Hours 



0.3 

1.0 


0.3 

1.0 

% 

ATime 













e n 

RMS Output Noise 

1 T a = 25°C, 10Hz < f < 10kHz 



0.003 



0.003 


% 


(% of Vout) 











0jc 

Thermal Resistance 

H Package 




12 

15 


12 

15 

°C/W 


Junction to Case 

K Package 




2.3 

3.0 


2.3 

3.0 

°c/w 
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€l€CTRICfll CHARACTERISTICS (See Rote 1) 







LT337A 



LM337 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

1 V|n — Vqut| — 5V, Iout = 10mA, 











Tj = 25°C 


-1238 

-1260 

-1.262"; 

-1.213 

-1.250 

-1.287 

V 



3V s |V« - VoutI «40V 

10mA < Iout < Imax. P < Pmax 

• 

- 1.220 

-1250 

-1280 

-1.200 

-1.250 

-1.300 

V 

AVout 

Load Regulation 

10mA ^ Iout < Imax, (See Note 2 & 









AIout 


3) 











Tj = 25°C, | Vqut 1 < 5V 



5 

25 


15 

50 

mV 



T, = 25°C, | Vout | > 5V 



0.1 

0.5 


0.3 

1.0 

% 



1 VoutI «5V 

• 


10 

50 


20 

70 

mV 



|V 0UT | ^ 5V 

• 


0.2 

1.0 


0.3 

1.5 

% 

AVout 

Line Regulation 

3V < |V| N - VoutI < 40V, (See Note 









AVin 


2) 











Tj = 25°C 



0.005 

0.01 


0.01 

0.04 

%/V 




• 


0.01 

0,03 


0.02 

0.07 

%/v 


Ripple Rejection 

V 0 ut= —10V, f = 120Hz 











Cadj = 0 


60 

66 



60 


dB 



Cadj = 10/uF 

• 

70 

80 


66 

77 


dB 


Thermal Regulation 

Tj = 25°C, 10msec Pulse 



0,002 

002 


0.003 

0.04 

%/W 

Iadj 

Adjust Pin Current 


• 



100 


65 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout < Imax 

3V s|V IN - V outI < 40V 

• 


•' 0,2. -■ 

' 2 ' 


0.5 

5 

mA 





10 

5 


2 

5 

n A 


Minimum Load Current 

V*-V out |<40V 

• 


.zr. 

8'-' 


2.5 

10 

mA 



Vih~Vout|^ 10V 



. n 

V 


1 

6 

mA 

•sc 

Current Limit 

V, N -V OTT j« 15V, 











K and T Package 

• 

1.5 

' 2,2 * 

0.8 

:.s« 

1.5 

2.2 


A 



H Package 

• 

05 

1.5 . , 

0.5 

0.8 


A 



|Vin~ V 0 urj = 40V, 











K and T Package 


004 

' 0,5 

1.0 

0.15 

0.4 


A 



Tj = 25°C H Package 


' 0.15 

0.25 

0.5 

0.10 

0.17 


A 

aV wt 

ATemp 

Temperature Stability of Output 
Voltage (Note 4) 




0.6 

IS ; 

0.6 

% 

AVout 

Long Term Stability 

T a = 125°C, 1000 Hours 



0.3 

1.0 


0.3 

10 

% 

ATime 










e n 

RMS Output Noise 
(% of Vout) 

T a = 25°C, 10Hz « f < 10kHz 


0.003 

0.003 

% 

©jc 

Thermal Resistance 

H Package 



n : ' 

■ ■ 15 


12 

15 

°C/W 


Junction to Case 

K Package 



zt 

3,0 


2.3 

3.0 

°c/w 



T Package 


■■ 

- 3 

:i J--,.. ... 


3 

5 

°c/w 



The • denotes the specifications which apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters 
which have been improved or guaranteed test limits provided for the 
first time. 

Note 1: Unless otherwise indicated, these specifications apply: 

| V|n - VoutI = 5V; and I 0 ut = 0.1 A for the H package, I 0U t = 0.5A 
for the K and T packages. Power dissipation is internally limited. 
However, these specifications apply for power dissipation up to 2W 
for the H package and 20W for the K and T packages. I M ax = 1.5A 
for the K and T packages, and 0.2A for the H package. 


Note 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications for output changes due to heating 
effects. Load regulation is measured on the output pin at a point 1/8" 
below the base of the K and H package and at the junction of the 
wide and narrow portion of the lead on the T package. 

Note 3: Load Regulation for the LT337AT is the same as for LM337T. 
Note 4: Guaranteed on LT137A and LT337A, but not 100% tested in 
production. 
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LT337A/LM337 


TYPICAL PCRFORmnnCC CHRRRCT6RISTICS 


Dropout Voltage 


Temperature Stability 


Minimum Load Current 



0.4 0.8 1.2 1.6 2.0 

OUTPUT CURRENT (A) 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 



10 20 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 


Ripple Rejection 


-CADJ" IQjf 

^Cadj = o 


V|N-V0UT = 5 V 

20 — II = 500mA 

f- 120Hz 
Tj - 25°C 

0 L. ll .... ..1 L 

0 -10 -20 -30 







** 


v 



c 

ADJ - (r 

~\. C ADJ= 10/i 

u 

F 

V|N = - 

15V 



'\ 

V 

vuui - 
lL = 500mA 

Tj = 25°C 





OUTPUT VOLTAGE (V) 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ripple Rejection 


Cadj = IOmF 
CADJ - 0 H I' 1 


V|N 15V 

20 -VOUT ■= -10V— 
f- 120 Hz 
Tj = 25°C 


0.1 1 

OUTPUT CURRENT (A) 


Output Impedance 


101 C— : — -cr -■ = 
evin = -15V : 

=Vout = -iov: 

- lL= 500mA 
100 eCl - 1 m F 



Line Transient Response 


. V0UT= -10V 
lL = 50mA 
- Ti = 25°C - 


Load Transient Response 

± 'i 'i t r 

/^cadj - o 



V|N= -15V 
V0UT= -II 
INL = 50mA 
Ti = 25°C 
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LT137A/LM137 

LT337A/LM337 


typical PCRFonmnncc charactcristics 


Load Regulation* 


0.4 

S' 



CL 


-0.4 


0 0.4 0.8 1.2 1.6 2.0 


Current Limit 



0 10 20 30 40 


Adjustment Current 

80 | 1 1 1 1 1 — 


75 



o 


55 

50 


-75 -50 -25 0 25 50 75 100 125 150 


OUTPUT CURRENT (A) INPUT-OUTPUT DIFFERENTIAL (V) 

‘The LT137A/337A has load regulation com- 
pensation which makes the typical unit read 
close to zero. This band represents the typi- 
cal production spread. 


TEMPERATURE (°C) 


Rppucflfnon mFORmnrion 

Output Voltage: The output voltage is determined by 
two external resistors, Ri & R 2 (see Figure 1). The ex- 
act formula for the output voltage is: 

VoUT = Vr 6 | { 1 + -jp'l + Udj (R 2 ) 


absorb the current, but care must be taken in no-load 
situations where Ri and R 2 have high values. The 
maximum value for the operating current, which must 
be absorbed, is 5mA for the LT137A. If input-output 
voltage differential is less than 10V, the operating cur- 
rent that must be absorbed drops to 3mA. 


Where: V Re f = Reference Voltage, Udj = Adjustment 
Pin Current. In most applications, the second term is 
small enough to be ignored, typically about 0.5% of 
Vout- In more critical applications, the exact formula 
should be used, with I A dj equal to 65jia. Solving for R 2 
yields: 

R, = V OUT ~ VRef 


Smaller values of Ri and R 2 will reduce the influence of 
Iadj on the output voltage, but the no-load current 
drain on the regulator will be increased. Typical values 
for Ri are between 100Q and 3000, giving 12.5mA 
and 4.2mA no-load current respectively. There is an 
additional consideration in selecting Ri, the minimum 
load current specification of the regulator. The operat- 
ing current of the LT 137A flows from input to output. If 
this current is not absorbed by the load, the output of 
the regulator will rise above the regulated value. The 
current drawn by Ri and R 2 is normally high enough to 



Figure 1 


EXAMPLES: 

1. A precision 10V regulator to supply up to lAmp load current, 
a. Select = 10012 to minimize effect of I A dj 

Vout ~ V Re f _ 10V ~ 1.25V 


b. Calculate R 2 = 


Udj 


1.25V 


= 70412 


65 m A 


Ri ™ 10012 

2. A 15V regulator to run off batteries and supply 50mA. 

V| N MAX = 25 V 

a. To minimize battery drain, select as high as possible 

Ri = = 41712, use 40412, 1% 

3mA 


XTUSl 
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b. The high value for will exaggerate the error due to I A dj, so 
the exact formula to calculate R 2 should be used. 

r 2 = Vout ~ V Ref _ 15V - 1.25V 


v Ref _ . 

R-j adj 
Use R 2 = 45300 


1.25V 

4040 


■ 45390 


- 65 X 10~ 6 


Capacitors and Protection Diodes: An output capacitor, 
C3, is required to provide proper frequency compen- 
sation of the regulator feedback loop. A VF or larger 
solid tantalum capacitor is generally sufficient for this 
purpose if the 1MHz impedance of the capacitor is 2(2 
or less. High Q capacitors, such as Mylar, are not rec- 
ommended because they tend to reduce the phase 
margin at light load currents. Aluminum electrolytic 
capacitors may also be used, but the minimum value 
should be IOjiF to ensure a low impedance at 1MHz. 
The output capacitor should be located within a few 
inches of the regulator to keep lead impedance to a 
minimum. The following caution should be noted: if 
the output voltage is greater than 6V and an output ca- 
pacitor greater than 2(VF has been used, it is possible 
to damage the regulator if the input voltage becomes 
shorted, due to the output capacitor discharging into 
the regulator. This can be prevented by using diode Dl 
(see Figure 2) between the input and the output. 


The input capacitor, C2, is only required if the regula- 
tor is more than 4 inches from the raw supply filter 
capacitor. 

Bypassing the Adjustment Pin: The adjustment pin of the 
LT 137A may be bypassed with a capacitor to ground, 
Cl, to reduce output ripple, noise, and impedance. 
These parameters scale directly with output voltage if 
the adjustment pin is not bypassed. A bypass capaci- 
tor reduces ripple, noise, and impedance to that of a 
1.25V regulator. In a 15V regulator for example, these 
parameters are improved by 15V/ 1.25V = 12 to 1. 
This improvement holds only for those frequencies 
where the impedance of the bypass capacitor is less 
than fy. Ten microfarads is generally sufficient for 
60Hz power line applications where the ripple fre- 
quency is 120Hz, since X c = 130(2. The capacitor 
should have a voltage rating at least as high as the 
output voltage of the regulator. Values larger than 
10/dF may be used, but if the output is larger than 25V, 
a diode, D2, should be added between the output and 
adjustment pins (see Figure 2). 



* Dl protects the regulator from input shorts to * * D2 protects the adjust pin of the regulator 
ground. It is required only when C3 is larger from output shorts if C2 is larger than 10/uF 
than 20/tF and Vqut is larger than 6 V. andV OUT is larger than —25V. 


Figure 2 


Proper Connection of Divider Resistors: The LT 137A has 
an excellent load regulation specification of 0.5% and 
is measured at a point 1/8” from the bottom of the 
package. To prevent degradation of load regulation, 
the resistors which set output voltage, R1 and R2, 
must be connected as shown in Figure 3. Note that the 
positive side of the load has a true force and sense 
(Kelvin) connection, but the negative side of the load 
does not. 


Lead resistance here does not 



R1 should be connected directly to the output lead of 
the regulator, as close as possible to the specified 
point 1 18" from the case. R2 should be connected to 
the positive side of the load separately from the posi- 
tive (ground) connection to the raw supply. With this 
arrangement, load regulation is degraded only by the 
resistance between the regulator output pin and the 
load. If R1 is connected to the load, regulation will be 
degraded. 
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TYPICAL APPUCATIOAS 

The output stability, load regulation, line regulation, 
thermal regulation, temperature drift, long term drift, 
and noise, can be improved by a factor of 6.6 over the 
standard regulator configuration. This assumes a 
zener whose drift and noise is considerably better 
than the regulator itself. The LM329B has 20PPM/°C 
maximum drift and about 10 times lower noise than 
the regulator. 


In the application shown below, regulators #2 to “N” 
will track regulator #1 to within ±24mV initially, and 
to ±60mV over all load, line, and temperature condi- 
tions. If any regulator output is shorted to ground, all 
other outputs will drop to ~ -2V. Load regulation of 
regulators 2 to “N” will be improved by V 0 ut/ 1.25V 
compared to a standard regulator, so regulator #1 
should be the one which has the lowest load current. 


Multiple Tracking Regulators 



High Stability Regulator 


jr - 



1 

7 V < 

LM329B 1 



: — 
► R2* 

L \ 

+ 

“ VF 



T ^ 

> R3 < 

> 1.5k < 

1 1% 1 

L m 

fs 

' SOLID 
TANTALUM 


ADJ j 

Vjn W337A Vour 

/ 




* R2 

1 VqUT 1 

- - 908ft 


9.08 X 10 ~ 3 


Dual Tracking Supply ± 1.25V to ±20V 



* Solid Tantalum 

* *Ri or R 5 may be trimmed slightly to improve tracking 


Current Regulator 



+ 

P 

^ VF 

SOLID TANTALUM 

L AAA 1 



ADJ .. 





Rs “** 1 


1.25V 

I = 65 m A + 

Rs 

(0.8ft « Rs*s 250ft) 
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PACKAGE DESCRIPTIOA 

K Package TO-3 STEEL Metal Can T Package TO-220 Plastic 3-Lead Metal Can Package (H) 
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FECHNOLOGY 


F€flTUR€S 

■ 50V Operation 

■ Guaranteed 1% Initial Voltage Tolerance 

■ Guaranteed 0.01% /V Line Regulation 

■ Guaranteed 0.5% Load Regulation 

■ Guaranteed 0.02%/\N Thermal Regulation 

■ 100% Burn-in in Thermal Limit 


Appucfflions 

■ Adjustable Power Supplies 

■ System Power Supplies 

■ Precision Voltage /Current Regulators 

■ On-Card Regulators 


High Voltage Negative 
Adjustable Regulators 

DcscniPTion 

The LT137AHV/LM137HV negative high voltage ad- 
justable regulators will deliver up to 1.5 Amps output 
current over an output voltage range of -1.2V to 
-47V. Linear Technology has made significant im- 
provements in these regulators compared to previous 
devices, such as better line and load regulation, and a 
maxium output voltage error of 1% for the LT137AHV 
and LT337AHV. 

Every effort has been made to make these devices easy to 
use and difficult to damage. Internal current and power 
limiting coupled with true thermal limiting prevents 
device damage due to overloads or shorts, even if the 
regulator is not fastened to a heat sink. 

Maximum reliability is attained with Linear Technology’s 
advanced processing techniques combined with a 100% 
burn-in in the thermal limit mode. This assures that all 
device protection circuits are working and eliminates field 
failures experienced with other regulators that receive 
only standard electrical testing. For performance curves 
and applications circuits see the LT137A series data 
sheet. 


Negative Regulator 



Worst Case Output Voltage 



LM337HV 

LM337HV 

LT337AHV 

LT337AHV 


2 4 6 8 10 20 40 60 100 

OUTPUT VOLTAGE 
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LT137AHV/LT337AHV 
LM 1 37HV/LM337HV 


rbsoiutc maximum rrtirgs 

Power Dissipation Internally Limited 

I nput to Output Voltage Differential 50V 

Operating Junction Temperature Range 

LT137AHV/LM137HV -55°Cto150°C 

LT337AHV/ LM337HV 0°C to 1 25°C 

Storage Temperature Range 

LT137AHV/LM137HV -65°Cto150°C 

LT337AH V/ LM337H V -65°Cto150°C 

Lead Temperature (Soldering, lOsec.) 300°C 

pRcconDiTionmG 

100% THERMAL LIMIT BURN-IN 


PRCKRG€/ORI>€R IRFORmRTIOR 



€L€CTRICRL CHRRRCTCRISTICS (see Note i) 






LT137AHV 



LM137HV 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

! 1 V| N — V 0UT 1 — 5V, Iqut = 10mA, 










Tj = 25°C 


-123 8 

lillSi 

- 1282 

-1.225 

-1.250 - 

- 1.275 

V 



3 V < |V IN - V 0UT | < 50V 

10mA < 1 out < Imax. P < p max 

• 


r'tm i 

-1280 

-1.200 

-1.250 - 

-1.300 

V 

aVout 

Load Regulation 

10mA < Iout < Imax. (See Note 2) 









AIout 


T, = 25°C, | V 0 uT 1 « 5V 



5 

25 


15 

25 

mV 



Tj = 25°C, ] Vout 1 3* 5V 



0.1 

0.5 


0.3 

0.5 

% 



1 Voter 1 < 5 V 

• 


10 

50 


20 

50 

mV 



|V ou t|s5V 

• 


0.2 

1.0 


0.3 

1.0 

% 

AVout 

av in 

Line Regulation 

3V < |V IN - VoutI < 50V (See 

Note 2) 










Tj = 25°C 



0.005 

0,01 


0.01 

0.02 

%/V 




• 


. Mt 

m i 


0.02 

0.05 

%/v 


Ripple Rejection 

Vout = — 10V, f — 120Hz 











Cadj = 0 



' '80 2 



60 


dB 



Cadj =: IOmF 

• 

70 1 

80 " 


66 

77 


dB 


Thermal Regulation 

T, = 25°C,T = 2ms to 12ms 



0.002 

0.02 


0.002 

0.02 

%/W 

•adj 

Adjust Pin Current 


• 


65 

100 


65 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout* 4 Imax 

V 


0.2 

2 


0.5 

5 

mA 


2.5V <|V, N - V 0UT | < 50V 



2 

6 


3 

6 

mA 


Minimum Load Current 

|V| N - VqutI < 50V 

• 


2.5 

5.0 


2.5 

5.0 

mA 



|V, N - VqutI < 10V 



1.2 

3.0 


1.2 

3.0 

mA 

•sc 

Current Limit 

|V, N - VqutI < 13V 











K Package 

• 

1.5 

2.2 

3.2 

1.5 

2.2 

3.2 

A 



H Package 
|V,n" VoutI = 50V 

• 

0.5 

0.8 

1.6 

0.5 

0.8 

1.6 

A 



K Package 


0.2 

0.4 

0.8 

0.2 

0.4 

0.8 

A 



Tj = 25°C 











H Package 


0.1 

0.17 

0.5 

0.1 

0.17 

0.5 

A 

AVqut 

ATemp 

Temperature Stability of Output 
Voltage (Note 3) 

Tmin < T Tmax 



mM 1 

15 

0.6 

% 

AVout 

ATime 

Long Term Stability 

T a = 125°C, 1000 Hours 



0.3 

1.0 


0.3 

1.0 

% 

6n 

RMS Output Noise 
(% of V 0 ut) 

T a = 25°C, 10Hz < f < 10kHz 


0.003 

0.003 

% 

©JC 

Thermal Resistance 

H Package 



12 

15 


12 

15 

°C/W 


Junction to Case 

K Package 



2.3 

3.0 


2.3 

3.0 

°c/w 
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LT137AHV/LT337AHV 
LM 1 37HV/LM337HV 


€l€CTRICRl CHRRRCTCRISTICS (See Note i) 






1 LT337AHV 



LM337HV 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

1 V|n — VoutI = 5V, Iout = 10mA, 











T, - 25°C 


-1.238 

-1.250 - 

1.262 J 

-1.213 

-1.250 - 

-1.287 

V 



3V < |V IN - VqutI < 50V 











10mA < l 0UT < 1 max. p max 

• 

-i m 

i 

1 

-1.200 

-1.250 - 

-1.300 

V 

•AVout 

Load Regulation 

10mA ^ 1 out ^ Imax ( Sse Note 









AIout 


2) . , 











Tj = 25°C. |Vout| < 5V 



5 

25 


15 

50 

mV 



T, = 25°C, jvouii > 5V 



0.1 

0.5 


0.3 

1.0 

% 



|VoutH 5V 

• 


10 

50 


20 

70 

mV 



|VoutI> 5V 

• 


0.2 

1.0 


0.3 

1.5 

% 

AVout 

av )N 

Line Regulation 

3 V « |V IN - V 0UT | < 50V (See 

Note 2) 










T, = 25°C 



0.005 

0.01 


0.01 

0.04 

%/V 




• 


0.01 

0.03 


0.02 

0.07 

%/V 


Ripple Rejection 

V 0UT = - 10V, f = 120Hz 











Cadj = 0 



00 



60 


dB 



Cadj = IOmF 

• 

70- 

eo 


66 

77 


dB 


Thermal Regulation 

T, = 25°C, T = 2ms to 12ms 



0.002 

0.04 


0.003 

0.04 

%/W 

Iadj 

Adjust Pin Current 


• 


65 

100 


65 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout< Imax 

• 


0.2 

2 


2 

5 

mA 

2.5V <|V, N - V 0UT | < 50V 

• 


2 

6 


3 

6 

mA 


Minimum Load Current 

|V, n -Vout|«40V 

• 


23- - ' 

3\ ; 


2.5 

10 

mA 



IVin-VoutN 10V 

• 


• 1.2 

- 


1 

6 

mA 

Isc 

Current Limit 

|V|n - VqutI < 13V 











K Package 

• 

1.5 

2.2 

3.5 

1.5 

2.2 

3.5 

A 



H Package 
|V, N - VqutI = 50V 

• 

0.5 

0.8 

1.8 

0.5 

0.1 

0.8 

1.8 

A 



K Package 


0.1 

0.4 

0.8 

0.4 

0.8 

A 



H Package 


0.05 

0.17 

0.5 

0.05 

0.17 

0.5 

A 

AVout 

ATemp 

Temperature Stability of Output 
Voltage (Note 3) 

i 

• 


m , 

15 • 

0.6 

% 

AVout 

Long Term Stability 

T a = 125°C, 1000 Hours 



0.3 

1.0 


0.3 

1.0 

% 

ATime 











e n 

RMS Output Noise 
(% of V 0UT ) 

T a = 25°C, 10Hz c f < 10kHz 


0.003 

0.003 

% 

Qjc 

Thermal Resistance 

H Package 



12 

15 


12 

15 

°C/W 


Junction to Case 

K Package 



2.3 

3.0 


2.3 

3.0 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters which 
have been improved or guaranteed test limits provided for the first time. 
Note 1: Unless otherwise indicated, these specifications apply: 

| V|n - V 0UT | = 5V; and l 0UT = 0. 1 A for the H package, l 0UT = 0.5A 
for the K package. Power dissipation is internally limited. However, these 
specifications apply for power dissipation up to 2W for the H package 
and 20W for the K package. I MAX = 1 .5A for the K package, and 0.2A 
for the H package. 


Note 2: Testing is done using a pulsed low duty cycle technique. See 
thermal regulation specifications for output changes due to heating 
effects. Load regulation is measured on the output pin at a point 
1/8 inch below the base of the K and H package. 

Note 3: Guaranteed on the LT137AHV and LT337AHV, but not 100% 
tested in production. 


rrunm 

JL/ TECHNOLOGY 


4-167 






LT137AHV/LT337AHV 
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PACKAGE DESCAIPTIOA 


K Package TO-3 STEEL Metal Can 





H Package 3-Lead Metal Can 
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/TLirm 

TECHNOLOGY 


F€fflTUft€S 

■ Guaranteed 1% Initial Tolerance 

■ Guaranteed 0.3% Load Regulation 

■ Guaranteed 5 Amp Output Current 

■ 100% Thermal Limit Burn-in 

■ 12 Amp Transient Output Current 


Rppucffrions 

■ High Power Linear Regulator 

■ Battery Chargers 

■ Power Driver 

■ Constant Current Regulator 


5 Amp Positive Adjustable 
Voltage Regulator 

IKSCRIPTIOn 

The LT 138A series of adjustable regulators provide 5 
amps output current over an output voltage range of 
1.2 volts to 32 volts. The internal voltage reference is 
trimmed to less than 1%, enabling a very tight output 
voltage. In addition to excellent line and load regula- 
tion, with full overload protection, the LT138A incor- 
porates new current limiting circuitry allowing large 
transient load currents to be handled for short peri- 
ods. Transient load currents of up to 12 amps can be 
supplied without limiting, eliminating the need for a 
large output capacitor. 

The LT138A is an improved version of the popular 
LM138 with improved circuit design and advanced 
process techniques to provide superior performance 
and reliability. 

The graph below shows the significant improvement 
in output voltage tolerance achieved by using the 
LT138AorLT338A. 


* Parallel Regulators for Higher Current 


Output Voltage Error 



* * CURRENT SHARING RESISTORS 
DEGRADE REGULATION TO 1% 



2 4 6 810 20 40 100 


OUTPUT VOLTAGE 


XTUDS* 
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LT138A/LT338A 

LM138/LM338 


absolute maximum rrtirgs 

Power Dissipation Internally Limited 

Input to Output Voltage Differential . 35V 

Operating Junction Temperature Range 

LT138A/LM138 -55°C to 150°C 

LT338A/LM338 0°Cto 125°C 

Storage Temperature Range 

LT138A/LM138 -65°Cto 150°C 

LT338A/LM338 -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

PRCCORDITIORIRG 

100% THERMAL LIMIT BURN-IN 


PRCKRG€/ORD€R IRFORfllATIOn 



ELECTRICRL CHARACTERISTICS (See Rote 1) 






LT138A 



LM138 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Iout — 10mA Tj = 25°C 


1238 

1250 

1262 


V 



3V < (V 1N - V 0UT ) < 35V 

10mA < Iout < 5A, P < 50W 

• 

1225 

1250 

1270 

1.19 

1.24 

1.29 

V 

AVout 

Line Regulation 

3V < (V 1N - V 0UT ) < 35V, (See 









AV,n 


Note 2) 











T a = 25°C 



0.005 

0.01 


0.005 

0.01 

%/v 




• 


0.02 

0.04 


0.02 

0.04 

%/v 

AVout 

Load Regulation 

10mA < Iout < 5A, (See Note 2) 









AIout 


T a = 25°C 











V 0UT < 5V 



5 

15 


5 

15 

mV 



V 0UT > 5V 



0.1 

0.3 


0.1 

0.3 

% 



V 0UT < 5V 



20 

30 


20 

30 

mV 



V 0UT ^ 5V 



0.3 

0.6 


0.3 

0.6 

% 


Thermal Regulation 

T a = 25°C, 20msec pulse 



0.002 

0.01 


0.002 

0.01 

%/W 


Ripple Rejection 

Vout = 10V, f = 120Hz 











Cadj = 0 



60 



60 


dB 



Cadj = 10mF 


60 

75 


60 

75 


dB 

•adj 

Adjust Pin Current 




45 

100 


45 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout < 5A, 











3V < (V,n — Vout) < 35V 



0.2 

5 


0.2 

5 

mA 


Minimum Load Current 

(V| N - Vqut) = 35V 



3.5 

5 


3.5 

5 

mA 

Isc 

Current Limit 

(Vin - Vout) < 10V 











DC 


5 

8 


5 

8 


A 



0.5ms peak 


7 

12 


7 

12 


A 



(V IN - Vqut) - 30V, T, - 25°C 


1 

1 

A 

AVout 

Temperature Stability 


• 


1 

2 


1 


% 

ATemp 











AVqut 

ATime 

Long Term Stability 

T a - 125°C, 1000 Hours 



0.3 

1 


0.3 

1 

% 

6n 

RMS Output Noise 
(% Of Vqut) 

T a = 25°C, 10Hz < f < 10kHz 


0.001 

0.003 

% 

®JC 

Thermal Resistance 

Junction to Case 

K Package 


1 

1 

°C/W 
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LT138A/LT338A 

LM138/LM338 


ELECTRICAL CHARACTERISTICS (See flote 1) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT338A 

MIN TYP MAX 

LM338 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

Iout == 10mA T A = 25°C 


1-236 1.250 1262 


V 

3V < (V, N - Vour) < 35V 

10mA < Iout ^ 5A, P < 50W 

• 

1225 1-250 1270 

1.19 1.24 1.29 

V 

AVjm. 

AV m 

Line Regulation 

3V < (Vim - V 0UT ) < 35V, (See 
Note 2) 

T A = 25°C 

• 

0.005 0.01 
0.02 0.04 

0.005 0.03 

0.02 0.06 

%/v 

%/v 

^WT 

AIout 

Load Regulation 

10mA < Iout < 5A, (See Note 2) 

T a = 25°C 

V 0UT < 5V 

V 0UT > 5V 


5 15 

0.1 0*3 

5 25 

0.1 0.5 

mV 

% 

V 0UT ^ 5V 

V 0UT > 5V 

• 

• 

20 30 

0.3 0.6 

20 50 

0.3 1 

mV 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 


0.002 0.02 

0.002 0.02 

%/W 


Ripple Rejection 

Vout = 10V, f = 120Hz 

C A dj = 0 

C A dj = 10m^ 

• 

• 

60 

60 75 

60 

60 75 

dB 

dB 

Iadj 

Adjust Pin Current 



45 100 

45 100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout < 5A, 

3V < (V| N — V 0UT ) < 35V 


0.2 5 

0.2 5 

mA 


Minimum Load Current 

(V in - Vqut) - 35V 


3.5 10 

3.5 10 

mA mu 

■sc 

Current Limit 

(V, N ~ Vqut) < 10V 

DC 

0.5ms peak 

• 

• 

5 8 

7 12 

5 8 

7 12 

Khl 

A 

A 

(V, N - Vqut) - 30V, T, = 25°C 


1 2 

1 

A 

AVout 

ATemp 

Temperature Stability 


• 

1 2 

' . j 

1 , 

% 

AVout 

ATIme 

Long Term Stability 

T a = 125°C, 1000 Hours 

i 

0.3 1 

0.3 1 

% 

e n 

RMS Output Noise 
(% of V 0 ut) 

T a = 25°C, 10Hz < f < 10kHz 


0.001 

0.003 

% 

0JC 

Thermal Resistance 

Junction to Case 

K Package 


1 

i 

i 

°C/W 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, these specifications apply: 

V|n - V 0U T = 5V and l 0 uj = 2.5A. These specifications are 
applicable for power dissipations up to 50W. 

Note 2: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are 
measured at a constant junction temperature by low duty cycle 
pulse testing. 
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tvpicrl pcrforrirrcc characteristics 


Current Limit 



0 10 20 30 40 


INPUT-OUTPUT DIFFERENTIAL (V) 


Current Limit 



0.1 1 10 100 
TIME (ms) 


Current Limit 



TIME (ms) 


Line Transient Response Load Transient Response 




Rppucflrions inFORfimnon 

General 

The LT138A develops a 1.25V reference voltage be- 
tween the output and the adjustable terminal (see Fig- 
ure 1). By placing a resistor, R1, between these two 
terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. Because I A dj 
is very small and constant when compared with the 
current through R1, it represents a small error and can 
usually be ignored. It is easily seen from the output 
voltage equation, that even if the resistors were of ex- 
act value, the accuracy of the output is limited by the 
accuracy of V RE f. Earlier adjustable regulators had a 
reference tolerance of ±4% which is dangerously 




LT338A 

IN OUT 

m 




Vref | Rl 


Iadj l 




VoUT = VREF ( 1 + + IaDJ R 2 

Basic Adjustable Regulator 
Figure 1 

close to the ± 5% supply tolerance required in many 
logic and analog systems. Further, even 1% resistors 
can drift 0.01%/ °C, adding additional error to the out- 
put voltage tolerance. 
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For example, using 2% resistors and ±4% toler- 
ance for Vref. calculations will show that the 
expected range of a 5V regulator design would be 
4.66V « Vout « 5.36V or approximately ±7%. If the 
same example were used for a 15V regulator, the ex- 
pected tolerance would be ± 8%. With these results 
most applications required some method of trimming, 
usually a trim pot. This solution is both expensive and 
not conducive to volume production. 

One of the enhancements of Linear Technology’s ad- 
justable regulators over existing devices is the tight- 
ened initial tolerance of V RE f. This allows relatively 
inexpensive 1% or 2% film resistors to be used for R1 
and R2 to set the output voltage within an acceptable 
tolerance. 


With a guaranteed 1% reference, a 5 V power supply 
design, using ±2% resistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1% resistors 
are used, the tolerance will drop to ±2.5%. A plot of 
the worst case output voltage tolerance as a function 
of resistor tolerance is shown on the front page. 


For convenience, a table of standard 1% resistor val- 
ues is shown below. 

Table of V 2 % and 1% Standard Resistance Values 


1.00 

1.47 

2.15 

3.16 

4.64 

6.81 

1.02 

1.50 

2.21 

3.24 

4.75 

6.98 

1.05 

1.54 

2.26 

3.32 

4.87 

7.15 

1.07 

1.58 

2.32 

3.40 

4.99 

7.32 

1.10 

1.62 

2.37 

3.48 

5.11 

7.50 

1.13 

1.65 

2.43 

3.57 

5.23 

7.68 

1.15 

1.69 

2.49 

3.65 

5.36 

7.87 

1.18 

1.74 

2.55 

3.74 

5.49 

8.06 

1.21 

1.78 

2.61 

3.83 

5.62 

8.25 

1.24 

1.82 

2.67 

3.92 

5.76 

8.45 

1.27 

1.87 

2.74 

4.02 

5.90 

8.66 

1.30 

1.91 

2.80 

4.12 

6.04 

8.87 

1.33 

1.96 

2.87 

4.22 

6.19 

9.09 

1.37 

2.00 

2.94 

4.32 

6.34 

9.31 

1.40 

2.05 

3.01 

4.42 

6.49 

9.53 

1.43 

2.10 

3.09 

4.53 

6.65 

9.76 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre- 
sent 1.21ft, 12.112, 12112, 1.21K12 etc. 


Bypass Capacitors 

Input bypassing using a 1/tF tantalum or 25/uF electro- 
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip- 
ple rejection (80 dB) can be accomplished by adding a 


lO^tF capacitor from the adjust pin to ground. Increas- 
ing the size of the capacitor to 20^F will help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re- 
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a VF capacitor is also rec- 
ommended at the output. Because of their low imped- 
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 

Protection Diodes 

The LT138A/338A do not require a protection diode 
from the adjustment terminal to the output (see figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 



If a very large output capacitor is used, such as a 
lOO/uF shown in figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode D1 as shown, is recommended 
to safely discharge the capacitor. 

Load Regulation 

Because the LT138A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid- 
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider, (R1), is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. If R1 were connected to the 
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load, the effective resistance between the regulator 
and the load would be 



Parasitic Line Resistance. 


Connected as shown, R p is not multiplied by the divid- 
er ratio. R p is about 0.0040 per foot using 16 gauge 
wire. This translates to 4mV/ft at 1A load current, so it 
is important to keep the positive lead between regula- 
tor and load as short as possible, and use large wire or 
PC board traces. 


Rp 



Connections For Best Load Regulation 
Figure 3. 


typical flppucnrions 

Improving Ripple Rejection 1.2V-25V Adjustable Regulator 


5V Regulator With Shut Down 




Remote Sensing 



Temperature Compensated Lead Acid 
Battery Charger 
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mcKHG€ DcscniPTion 

K Package To-3 
Steel Metal Can 



Tj max. 

0ja 

% 

138A 

138 

150°C 

35°C/W 

rc/w 

338A 

338 

125°C 

35°C/W 

rc/w 
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TECHNOLOGY 3 Amp Positive Adjustable 

Regulator 


FCOTURCS DCSCRIPTIOn 


■ Guaranteed 1% Initial Voltage Tolerance 

■ Guaranteed 3A Output Current 

■ Guaranteed 0.3% Load Regulation 

■ Guaranteed 0.01% /V Line Regulation 

■ 100% Thermal Limit Burn-in 


flppucfflions 

■ Improved Linear Regulators 

■ Adjustable Power Supplies 

■ Constant Current Regulation 

■ Battery Chargers 


The LT150A Series are 3-terminal positive adjustable 
voltage regulators which offer improved performance 
over earlier devices. A major feature of the LT150A/ 
350A is the output voltage tolerance is guaranteed at a 
maximum of ± 1%, allowing an overall power supply 
tolerance to be better than 3% using inexpensive 1% 
resistors. Line and load regulation performance has 
been improved as well. Additionally, the LT150A/ 
350A reference voltage is guaranteed not to exceed 
2% when operating over the full load, line and power 
dissipation conditions. The LT150A/350A adjustable 
regulators offer an improved solution for all positive 
voltage regulator requirements with load currents up 
to 3 amps. 


Regulator With Reference 


Output Voltage Error 




2 4 6 810 20 40 100 

OUTPUT VOLTAGE 
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rbsoiutc maximum rrtirgs 


PACKAGE /ORDER IRFORfflRTIOn 


Power Dissipation Internally Limited 

Input to Output Voltage Differential 35V 

Operating Junction Temperature Range 

LT150A/LM150 -55°Cto150°C 

LT350A/LM350 0°Cto125°C 

Storage Temperature Range 

LT150A/LM150 -65°Cto150°C 

LT350A/LM350 -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCCORDITIOniRG: 

100% THERMAL LIMIT BURN-IN 


BOTTOM VIEW 



K PACKAGE 
TO-3 METAL CAN 
(STEEL) 


ORDER PART NUMBER 

LT150AK 

LT350AK 

LM150K 

LM350K 


VlN 

| VoUT 

=J 


T PACKAGE 
T0-220 PLASTIC 



LT350AT 

LM350T 


ElECTRICRl CHARACTERISTICS (See Rote 1) 







LT150A 



LM150 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vref 

Reference Voltage 

Iout = 10mA, Tj = 25°C 


1238 

1.250 

1262 


V 



3V < (V, M - Vqut) < 35V 

10mA ^ Iout < 3A, P < 30W 

• 

1.225 

tm 

1270 

120 

1.25 

1.30 

V 

AVout 

AV| N 

Line Regulation 

3V < (V, N - V 0UT ) < 35V, (See 

Note 2) 



0.005 

0.01 


0.005 

0.01 

%/v 


• 


0.02 

0.05 


0.02 

0.05 

%/v 

AVout 

Load Regulation 

10mA < Iout < 3A, (See Note 2) 









AIout 


T a = 25°C 











Vout < 5V 



5 

15 


5 

15 

mV 



Vout ^ 5V 



0.1 

0.3 


0.1 

0.3 

% 



Vout < 5V 



15 

50 


20 

50 

mV 



Vout > 5V 



0.3 

1 


0.3 

1 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 



0.002 

0.01 


0.002 

0.01 

%/W 


Ripple Rejection 

Vout = 10V, f = 120Hz 











Cadj = 0 



65 



65 


dB 



Cadj = 10mF 


66 

86 


66 

86 


dB 

•adj 

Adjust Pin Current 




50 

100 


50 

100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < l L < 3A 

3V < (V 1N - Vqut) < 35V 



0.2 

5 


0.2 

5 

mA 


Minimum Load Current 

(V,N - Vout) - 35V 



3.5 

5 


3.5 

5 

mA 


Current Limit 

(V| N - Vqut) < 10V 


3 

4.5 


3.0 

4.5 


A 



(V, N ~ Vout) - 30V 


0.3 

1 


0.3 

1 


A 

AVout 

Temperature Stability 

— 55°C < Tj < +150°C 



ilipg 

|| 


1 


% 

ATemp 





: 






AVout 

Long Term Stability 

T a = 125°C 



0.3 

1 


0.3 

1 

% 

ATime 











e n 

RMS Output Noise 
(% of Vqut) 

T a = 25°C, 10Hz < f < 10kHz 


0.001 

0.001 

% 

©jc 

Thermal Resistance 

Junction to Case 

K Package 


1.5 

1.5 

°C/W 
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SYMBOL 

PARAMETER 

CONDITIONS 

LT350A 

MIN TYP MAX 

LM350 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

l 0UT = 10mA, Tj = 25°C 


1233 tm tm 


V 

3 V < (V, N - V 0UT ) < 35V 

10mA < l 0UT ^ 3A, P ^ 30W 

• 

ms 1250 1.270 

1.20 1.25 1.30 

V 

AVout 

av, n 

Line Regulation 

3V < (V, N - V 0UT ) < 35V, (See 

Note 2) 

T a = 25°C 

• 

0.005 0.01 
0.02 0.05 

0.005 0.03 

0.02 0.07 

%/v 

%/v 

> 

<1 <1 

Load Regulation 

10mA < Iout < 3A, (See Note 2) 

T a = 25°C 

Vout < 5V 

Vout ^ 5V 


5 15 i 

0.1 0.3 j 

5 25 

0.1 0.5 

mV 

% 

Vout < 5V 

Vout ^ 5V 

• 

• 

15 10 

0.3 1 1 

20 70 

0.3 1.5 

mV 

% 


Thermal Regulation 

T a = 25°C, 20msec Pulse 


0.002 0.01 ! 

0.002 0.03 

%/W 


Ripple Rejection 

Vout = 10V, f = 120Hz 

Cadj = 0 

Cadj = IOmF 

• 

• 

65 

66 86 

65 

66 86 

dB 

dB 

Iadj 

Adjust Pin Current 



50 100 

50 100 

mA 

AIadj 

Adjust Pin Current Change 

10mA < Iout ^ 3A 

3V < (V IN - Vout) ^ 35V 

•J 

0.2 5 

0.2 5 

mA 


Minimum Load Current 

(Vin - V 0UT ) < 35V 

•1 

3.5 10 

3.5 10 

mA 


Current Limit 

(V, N - Vqut) < 10V 

• 

3 4.5 

3 4.5 

A 

(Vin - Vout) = 30V, T, = 25°C 


0.25 1 

0.25 1 

A 

AVout 

ATemp 

Temperature Stability 


• 

1 " 2 

1 

% 

AVout 

ATime 

Long Term Stability 

T a = 125°C 


0.3 1 

0.3 1 

% 

e n 

RMS Output Noise 
(% of Vout) 

T a = 25°C, 10Hz ^ f < 10kHz 


0.001 

0.001 

% 

% 

Thermal Resistance 

Junction to Case 

K Package 

T Package 


1.2 1.5 

3 4 

1.2 1.5 

3 4 

°C/W 

°C/W 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, these specifications apply for 
Vin-Vout = 5V and Iout = 1.5A. These specifications are 
applicable for power dissipations up to 30W for the K package and 
up to 25W for the T package. Power dissipation is guaranteed at 
these values up to 15 Volts input-output differential. Above 15 Volts 
input-output differential power dissipation is limited by device 
internal protection circuitry. 

Note 2: Regulation is measured at a constant Tj. Changes in output 
due to heating must be taken into account separately. Pulse testing 
with low duty cycle is used. 


umm 
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typical P€RFORmnnc€ chrrrctcristics 


Output Impedance 



Line Transient Response 


Load Transient Response 


1.5 



o 


1 

0.5 

0 


-0.5 


-1 


<t > 


1 

0.5 

0 









VOUT 

= 10V 


^COUT = 

1 

o, Cadj = 

0 

•OUT 

Tj" 

25° 



£ 



n 





CmiT = 

#.F, ( 

-ADJ 

= 10 

mF_ 

7 





f 



- 








- 














□ 




L 




TIME (fis) 


TIME (ms) 


RPPUCRTIOR IRFORmRTIOn 

General 

The LT150A develops a 1.25V reference voltage be- 
tween the output and the adjustable terminal (see Fig- 
ure 1). By placing a resistor, R1, between these two 
terminals, a constant current is caused to flow 
through R1 and down through R2 to set the overall 
output voltage. Normally this current is the specified 
minimum load current of 5mA or 10mA. 


Vin 


VoUT = Vref ( 1 + + lADJ R 2 

Basic Adjustable Regulator 
Figure 1 

Because I A dj is very small and constant when com- 
pared with the current through R1, it represents a 
small error and can usually be ignored. It is easily 
seen from the above equation, that even if the resistors 
were of exact value, the accuracy of the output is limit- 
ed by the accuracy of V REF . Earlier adjustable regula- 
tors had a reference tolerance of ±4% which is 


U 1 SGA 

W OUT 

AfW 


Iadj ^ 
50 mA 


- VouT 


Vref < Ri 

_L 


i- 


dangerously close to the ± 5% supply tolerance re- 
quired in many logic and analog systems. Further, 
even 1% resistors can drift 0.01%/°C, adding addi- 
tional error to the output voltage tolerance. 



For example, using 2% resistors and ±4% tolerance 
for Vref, calculations will show that the expected 
range of a 5V regulator design would be 4.66V < V 0 ut 
< 5.36V or approximately ± 7%. If the same example 
were used for a 15V regulator, the expected tolerance 
would be ± 8%. With these results most applications 
required some method of trimming, usually a trim pot. 
This solution is both expensive and not conducive to 
volume production. 


One of the enhancements of Linear Technology’s ad- 
justable regulators over existing devices is the tight- 
ened initial tolerance of V REF . This allows relatively 
inexpensive 1% or 2% film resistors to be used for RI 
and R2 to set the output voltage within an acceptable 
tolerance. 


With a guaranteed 1% reference, a 5V power supply 
design, using ±2% resistors, would have a worst 
case manufacturing tolerance of ± 4%. If 1% resistors 
were used, the tolerance would drop to ± 2.5%. A plot 
of the worst case output voltage tolerance as a func- 
tion of resistor tolerance is shown on the front page. 
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For convenience, a table of standard 1% resistor val- 
ues is shown below. 


Table of V 2 % and 1% Standard Resistance Values 


1.00 

1.47 

2.15 

3.16 

4.64 

6.81 

1.02 

1.50 

2.21 

3.24 

4.75 

6.98 

1.05 

1.54 

2.26 

3.32 

4.87 

7.15 

1.07 

1.58 

2.32 

3.40 

4.99 

7.32 

1.10 

1.62 

2.37 

3.48 

5.11 

7.50 

1.13 

1.65 

2.43 

3.57 

5.23 

7.68 

1.15 

1.69 

2.49 

3.65 

5.36 

7.87 

1.18 

1.74 

2.55 

3.74 

5.49 

8.06 

1.21 

1.78 

2.61 

3.83 

5.62 

8.25 

1.24 

1.82 

2.67 

3.92 

5.76 

8.45 

1.27 

1.87 

2.74 

4.02 

5.90 

8.66 

1.30 

1.91 

2.80 

4.12 

6.04 

8.87 

1.33 

1.96 

2.87 

4.22 

6.19 

9.09 

1.37 

2.00 

2.94 

4.32 

6.34 

9.31 

1.40 

2.05 

3.01 

4.42 

6.49 

9.53 

1.43 

2.10 

3.09 

4.53 

6.65 

9.76 


Standard Resistance Values are obtained from the Decade Table 
by multiplying by multiples of 10. As an example, 1.21 can repre- 
sent 1.2112, 12.112, 12112, 1.21K12 etc. 



If a very large output capacitor is used, such as a 
100^F shown in Figure 2, the regulator could be dam- 
aged or destroyed if the input is accidentally shorted 
to ground or crowbarred, due to the output capacitor 
discharging into the output terminal of the regulator. 
To prevent this, a diode D1 as shown, is recommended 
to safely discharge the capacitor. 


Bypass Capacitors 

Input bypassing using a VF tantalum or 25/iF electro- 
lytic is recommended when the input filter capacitors 
are more than 5 inches from the device. Improved rip- 
pie rejection (80 dB)can be accomplished by adding a 
10>uF capacitor from the adjust pin to ground. Increas- 
ing the size of the capacitor to 2(VF will help ripple 
rejection at low output voltage since the reactance of 
this capacitor should be small compared to the voltage 
setting resistor, R2. For improved AC transient re- 
sponse and to prevent the possibility of oscillation due 
to unknown reactive load, a VF capacitor is also rec- 
ommended at the output. Because of their low imped- 
ance at high frequencies, the best type of capacitor to 
use is solid tantalum. 


Load Regulation 

Because the LT150A is a three-terminal device, it is 
not possible to provide true remote load sensing. Load 
regulation will be limited by the resistance of the wire 
connecting the regulator to the load. The data sheet 
specification for load regulation is measured at the 
bottom of the package. Negative side sensing is a true 
Kelvin connection, with the bottom of the output divid- 
er returned to the negative side of the load. Although it 
may not be immediately obvious, best load regulation 
is obtained when the top of the resistor divider (R1) is 
connected directly to the case not to the load. This is 
illustrated in Figure 3. If R1 were connected to the 
load, the effective resistance between the regulator 
and the load would be 


Protection Diodes 

The LT150A/350A do not require a protection diode 
from the adjustment terminal to the output (see Figure 
2). Improved internal circuitry eliminates the need for 
this diode when the adjustment pin is bypassed with a 
capacitor to improve ripple rejection. 



Parasitic Line Resistance. 


Connected as shown, R p is not multiplied by the divid- 
er ratio. R p is about 0.004Q per foot using 16 gauge 
wire. This translates to 4mV/ft at 1A load current, so it 
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is important to keep the positive lead between regula- 
tor and load as short as possible, and use large wire or 
PC board traces. 


Rp 



Connections for Best Load Regulation 
Figure 3 


TYPICAL APPUCffTIOnS 


1.2V-25V Adjustable Regulator 


Improving Ripple Rejection ‘Parallel Regulators for Higher Current 


+ 


LT350A 


% 


-L-C1* 
VF 




m 


{ R2 
5k 


VOUT* 


C2t 

Vf 


t Optional— improves 
transient response 


Needed if device is far from 
filter capacitors 

t VouT = 1-25V ( 1 + 



Adjustable Current Limiter 




X* Cl IMPROVES RIPPLE REJECTION X c SHOULD 
“ BE SMALL COMPARED TO R 2 


Automatic Light Control 


LT350A 




REFERENCE VOLTAGE LIMITS 
* * CURRENT SHARING RESISTORS 
DEGRADE REGULATION TO 1% 





Precision High Current Reference 



Remote Sensing 
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scHcmnric DiAGirom LT150A/LT350A 



PACKAGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


K Package TO-3 STEEL Metal Can 


T Package TO-220 Plastic 




Tj max. 

flja 

0jc 

LT150A 

LM150 

150°C 

35°C/W 

1.5°C/W 

LT350A 

LM350 

125°C 

35°C/W 

1.5°C/W 




Tj max. 

0\a 

d\c 

LT350A 

LM350 

125°C 

50°C/W 

2.5°C/W 
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INDEX 



SECTION 5-SWITCHING REGULATORS AND VOLTAGE CONVERTERS 


INDEX 5-2 

PROPRIETARY PRODUCTS 

LT1026, Voltage Converter 5-3 

LTC1 044/7660, Switched Capacitor Voltage Converter 5-9 

LTC1044CS8, Switched Capacitor Voltage Converter 5-21 

L T1054, Switched Capacitor Voltage Converter with Regulator 5-23 

L T1054CS/L T1054IS, Switched Capacitor Voltage Converter with Regulator 5-35 

L T 1 070, 5 A High Efficiency Switching Regulator 5-37 

LT1071, 2.5A High Efficiency Switching Regulator 5-37 

L T 1 072, 1 . 25 A High Efficiency Switching Regulator 5-49 

LT1 074, Switching Regulator 13-21 

LT1170, 5A High Efficiency 100kHz Switching Regulator 5-61 

LT1 1 71, 2. 5A High Efficiency 1 0OkHz Switching Regulator 5-61 

LT1172, 1.25A High Efficiency 100kHz Switching Regulator 5-73 

ENHANCED AND SECOND SOURCE PRODUCTS 

SGI 524/SG3524, Regulating Pulse Width Modulators 5-85 

SG3524S, Regulating Pulse Width Modulator 5-93 

L T 1524/L T3524, Regulating Pulse Width Modulators 5-85 

SGI 525A/SG3525A, Regulating Pulse Width Modulators 5-97 

LT1525A/LT3525A, Regulating Pulse Width Modulators 5-97 

L T 1526/L T3526, Regulating Pulse Width Modulators 5-105 

SGI 527A/SG3527A, Regulating Pulse Width Modulators 5-97 

L T 1527 A/L T3527A, Regulating Pulse Width Modulators 5-97 

L T1846/L 71847, Current Mode PWM Controller 5-113 

L 73846 VL 73847, Current Mode PWM Controller 5-113 
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F€RTUR€S 


DCSCRIPTIOR 


■ Generates + and - from Single Input 

■ Up to ± 18V Output 

■ Only Needs Four fyF Capacitors 

■ No Inductors 

■ 10mA Output Current Min 

■ Operates Down to 4V 

■ No Latch Up 

■ 8 Pin Minidip 

RPPUCRTIORS 

* Line Drivers 

■ Op Amp Supplies 

■ Battery Splitters 

■ RS232 Power 


The LT1026 is a switched capacitor voltage doubler and in- 
verter on a single monolithic die. Capable of operating 
from 4V to 10V input, it provides ± 7V to ± 18V out. Output 
currents of over 10mA are available. Two charge pumps 
first double the input voltage then invert the doubled volt- 
age. Manufactured in bipolar technology, the LT1026 is not 
susceptible to latch up and generates up to 36V. 

The LT1026 offers a convenient way of generating addi- 
tional system voltages without using inductors. Powering 
interface circuits, op amps or data acquisition circuitry off 
logic supplies is simplified. Other Linear Technology volt- 
age converters such as the low power LTC1044 CMOS and 
100mA bipolar LT1054 are available. 


TVPICRl RPPUCRTIOO 


Voltage Doublerand Inverter 


Output Voltage 




















Q — 

aF ~ 
= 5V 




V IN = 

1 



T A = 

25°C 











1 

' 
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LT1026 


absolute mAximum aatiags 


Supply Voltage 10V 

V+ 20V 

V- -20V 

Short Circuit Duration 10 seconds 

Operating Temperature Range 

LT1026M -55°C to 125°C 

LT1026C 0°Cto 70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/OAD€A MFORfflflTlOA 



TOP VIEW 


ORDER PART 

C1_ E 


8] +VouT 

NUMBER 

C2+[I 

C2-[? 

-VoutE 

LT1026 

7Jci + 

UV|N 

T] GND 

LT1026MJ 

LT1026CJ 

LT1026CN 

J PACKAGE N PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

Cl- 

TOP VIEW 

+V 0 UT 

C1 + 

LT1026MH 

LT1026CH 

C2+ ( 

2) LT1026 Q 

j)V|N 


C2- 


GND 


-VOUT 

H PACKAGE 

8-LEAD TO-5 METAL CAN 



€L€CTAICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

V| N = 4V I l = 0 Positive 

• 

6.5 

7 


V 


(Notel) l L = 0 Negative 

• 

-6 

-6.7 


V 


l L = 10mA Positive 

• 

5.25 

5.7 


V 


l L = -10mA Negative 

• 

-4.5 

-5 


V 


V| N = 5V I l = 15mA Positive 

• 

6.25 

7 


V 


l L = -15mA Negative 

• 

-5.5 

-6.2 


V 


V| N = 10V l L = 0 Positive 

• 

18 

18.5 


V 


l L = 0 Negative 

• 

-17.7 

-18 


V 


l L = 10mA Positive 

• 

16 

17.6 


V 


l L = -10mA Negative 

• 

-15.3 

-17 


V 


l L =15mA Positive 

• 

15.25 

17 


V 


l L = - 15mA Negative 

• 

-14.5 

-16.5 


V 


V| N = 5V l L = 10mA, -10mA Positive 


6.25 

7.2 


V 


Negative 

• 

-5.5 

-6.5 


V 


V| N = 10V l L = 10mA, -10mA Positive 

• 

15 

16.8 


V 


Negative 


-14.25 

-15.75 


V 

Supply Current 

V, n = 4V I l =0 

• 


7 

12.5 

mA 


V IN = 10V l L =0 

• 


15 

30 

mA 


The • denotes specifications which apply over 0°C to 70°C for commercial 
or - 55°C to 125°C for military grade devices. Loads are applied to individual 
outputs unless otherwise marked. 

Notel: V, N Min = -4.5V for T A <40°C 
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LT1026 


TVPICfiL PCRFORmnnCC chrrrctcristics 


Load Regulation (Both Outputs 
Loaded) 



0 5 10 15 20 25 

LOAD CURRENT (mA) 


Load Regulation for Positive 
Loading 



0 5 10 15 20 25 

LOAD CURRENT (mA) 


Load Regulation for Negative 
Loading 



0 5 10 15 20 25 

LOAD CURRENT (mA) 


Supply Current 



0 5 10 15 20 25 


Supply Current 



Supply Current 



0 I I 1 1 1 1 

0 5 10 15 20 25 


OUTPUT CURRENT (mA) 


OUTPUT CURRENT (mA) 


OUTPUT CURRENT (mA) 


Ripple 



OUTPUT CAPACITOR (^F) 


Output Voltage vs Temperature 









" 
































C=22 M F 





l L =1mA 


















1 







1 

' 

1 

— 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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LT1026 


APPLICATION HIATS 

The LT1026 is a non-regulating voltage converter which 
converts a single input voltage into both a positive and 
negative output at up to 15mA. A positive input voltage is 
first doubled and then the doubled voltage is inverted. The 
voltage output level is dependent on both the input volt- 
age and the output loading. The total output current avail- 
able depends on the individual loading of the outputs 
since loading on one output affects the load and the volt- 
age of the other. 

Only four external components are needed for operation. 
Two charge pump capacitors and two output storage 
capacitors. Nominal value for these capacitors is tyF, but 
the LT1026 will operate (with reduced performance) down 
to 0.1/iF. Higher value capacitors (22/tF) will reduce ripple 
and slightly lower output impedance. For higher output 
currents the outputs of several converters may be paral- 
leled with common output capacitors. 


The substrate diodes are an inherent part of the 1C, and 
must always be reversed biased to isolate the individual 
transistors. In the LT1026 the substrate is tied to the nega- 
tive output. If the negative output is not used, such as 
when only the voltage doubler output is needed, the 
- Vout must be tied to ground so the substrate diodes are 
properly biased. The substrate diodes must never become 
forward biased even during overload conditions. For 
example, pulling the -Vout positive with respect to 
ground can forward bias the substrate diodes. Clamping 
the substrate to ground with an external diode would be 
needed to ensure proper operation and prevent the sub- 
strate from carrying any current. 

No overload protection is included on the LT1026. Neither 
output is damaged by momentary shorts, but during 
sustained shorts the resulting high current flow will over- 
heat the 1C. 


TYPICAL APPLICATION 


Positive to Negative Converter 



-V, N 


Voltage Doubler 


VF 
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LT1026 


TYPICAL Applications 


Standard Configuration Voltage Doubler and Inverter 


Voltage Quadrupler 


ci 


VF 

I 1+ 


L 


C2 , 

2 

VF - r - + 

LT1026 

3 

~ V 0UT~ , J~~‘ 

4 

VF _^ 



— 

ri 

— 

-V| N 1" 

n 


VF 



Parallel Converters for Higher Output Current 
and Lower Output Impedance 



5V Powered RS232 Line Driver 


VF 



/TLintAC 

TECHNOLOGY 


5-7 








LT1026 

TVPICRl nPPUCRTIOOS 


Regulated Converter 



PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


H Package 

8-Lead TO-5 Metal Can 


J Package 
8-Lead Ceramic DIP 


N Package 
8-Lead Plastic DIP 
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LTC1044/7660 



Famines 

■ Plug-In Compatible with 7660 with These Additional 
Features: 

• Guaranteed Operation to 9V, with No External 
Diode, Over Full Temperature Range 

• Boost Pin (Pin 1) for Higher Switching Frequency 

• Lower Quiescent Power 

• Efficient Voltage Doubler 

■ 200/jA Max. No Load Supply Current at 5 V 

■ 97% Min. Open Circuit Voltage Conversion 
Efficiency 

■ 95% Min. Power Conversion Efficiency 

■ Wide Operating Supply Voltage Range, 1 ,5V to 9V 

■ Easy to Use 

■ Commercial Device Guaranteed Over -40°C to 
85°C Temperature Range 

flppucfflions 

■ Conversion of +5Vto ±5V Supplies 

■ Precise Voltage Division , Vout = Vin / 2 ± 20ppm 

■ Voltage Multiplication, Vout= ±nViN 

■ Supply Splitter, Vout = ±Vs/2 


Switched Capacitor 
Voltage Converter 

DCSCRIPTIOn 

The LTC1044 is a monolithic CMOS switched capacitor 
voltage converter which is manufactured using Linear 
Technology’s enhanced LTCMOS™ silicon gate process. 
The LTC1044 provides several voltage conversion func- 
tions: the input voltage can be inverted (Vout = -Vin), 
doubled (Vout = 2Vin ) , divided (Vout = Vin / 2) or multi- 
plied (Vout = ±nViN). 

Designed to be pin-for-pin and functionally compatible 
with the popular 7660, the LTC1044 provides significant 
features and improvements over earlier 7660 designs. 
These improvements include: full 1 .5 V to 9V supply op- 
eration over the entire operating temperature range, with- 
out the need for external protection diodes: 2'k times 
lower quiescent current for greater power conversion effi- 
ciency; and a "boost” function which is available to raise 
the internal oscillator frequency to optimize performance 
in specific applications. 

Although the LTC1044 provides significant design and 
performance advantages over the earlier 7660 device, it 
still maintains its compatibility with existing 7660 designs. 

LTCMOS™ is a trademark of Linear Technology Corp. 


Generating CMOS Logic Supply from 2 Mercury Batteries 



Supply Current vs Supply 



0123456789 10 
SUPPLY VOLTAGE, V+ (V) 


XTUOS® 
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LTC1044/7660 


absolute mnximum ratiags 

(Notes 1 and 2) 

Supply Voltage 9.5V 

Input Voltage on Pins 1, 6 and 7 

(Note 2) -0.3 V<Vin^V++0.3V 

Current into Pin 6 20juA 

Output Short Circuit Duration 

(V + <5.5V) Continuous 

Operating Temperature Range 

LTC1044C -40°C<Ta <85°C 

LTC1044M -55°C<Ta <125°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€R lAFORmATlOA 



ELECTRICAL CHARACTERISTICS V+ =5V, Ta = 25°C, Test Circuit Figure 1, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1044M 

MIN TYP MAX 

LTC1044C 

MIN TYP MAX 

UNITS 

*s 

Supply Current 

R l = oo, Pins 1 and 7 No Connection 


60 200 

60 200 

^A 



r l =oo, Pins 1 and 7 V + =3V 


20 

20 

aA 

V + L 

Minimum Supply Voltage 

R L = 10k 

• 

1.5 

1.5 

V 

V + H 

Maximum Supply Voltage 

R L = 10k (Note 3) 

• 

9 

9 

V 

Rout 

Output Resistance 

l L = 20mA, f 0SC = 5kHz 


100 

100 

Q 




• 

150 

130 

G 



V + = 2V, l L = 3mA, f 0S c = 1kHz 


400 

325 

« 

f osc 

Oscillator Frequency 

C 0S c- IpF (Note 4) 







V+=5V 


5 

5 

kHz 



V+=2V 


1 

1 

kHz 

Peff 

Power Efficiency 

R L = 5kO, f 0SC = 5kHz 


95 98 

95 98 

% 

V 0UTEFF 

Voltage Conversion 

R L - oo 


97 99.9 

97 99.9 

% 


Efficiency 






•osc 

Oscillator Sink or Source 

V osc =OV or V + 






Current 

Pin 1 =0V 

• 

3 

3 

uA 



Pin 1=V + 

• 

20 

20 



The # denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V + or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating from external supplies be applied prior 
to power-up of the LTC1044. 


Note 3: The LTC1044 is guaranteed to operate with alkaline, mercury or 
NiCad 9V batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 

Note 4: f 0S c is tested with Cose = lOOpF to minimize the effects of test 
fixture capacitance loading. The 1 pF frequency is correlated to this 
lOOpF test point, and is. intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 
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LTC1044/7660 


TVPicni KAfonmnncs characteristics (Using Test Circuit Shown in Figure 1) 


Operating Voltage Range vs 



-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Power Efficiency vs Oscillator 
Frequency 



100 Ik 10k 100k 

OSCILLATOR FREQUENCY, f 0 sc (Hz) 


Output Resistance vs Oscillator 
Frequency 



100 Ik 10k 100k 

OSCILLATOR FREQUENCY, f 0SC (Hz) 


Power Conversion Efficiency vs 
Load Current forV+=2V 



0 1 2 3 4 5 6 7 

LOAD CURRENT, l L (mA) 


Power Conversion Efficiency vs Output Resistance vs Supply 

Load Current for V + = 5V Voltage 



0 10 20 30 40 50 60 70 

LOAD CURRENT, I L (mA) 



SUPPLY VOLTAGE, V+ (V) 


Output Voltage vs Load Current 
for V + = 2 V 



0123456789 10 

LOAD CURRENT, I L (mA) 


Output Voltage vs Load Current 
for V+=5V 



0 10 20 30 40 50 60 70 80 90 100 

LOAD CURRENT, I L (mA) 


Output Resistance vs 
Temperature 



-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


jr\sm 
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LTC1044/7660 


TYPICAL P€RFORmnnC€ CHRRRCT6RISTICS (Using Test Circuit Shown in Figure 1) 


Oscillator Frequency as a 
Function of Cose 



1 10 100 Ik 10k 

EXTERNAL CAPACITOR (PIN 7 TO GROUND), C 0 sc (P f ) 


Oscillator Frequency vs Supply 



01 23456789 10 

SUPPLY VOLTAGE, V+ (V) 


Oscillator Frequency vs 
Temperature 



-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


T€ST CIRCUIT 


V+ (5V) 



Figure 1 


APPUCATIORS IRFORmRTIOn 


Theory of Operation 

To understand the theory of operation of the LTC1044, a 
review of a basic switched capacitor building block is 
helpful. 

In Figure 2, when the switch is in the left position, 
capacitor Cl will charge to voltage VI . The total charge on 
Cl will be ql = Cl VI . The switch then moves to the right, 
discharging Cl to voltage V2. After this discharge time, 
the charge on Cl is q2=C1V2. Note that charge has 
been transferred from the source, VI , to the output, V2. 
The amount of charge transferred is: 

Aq=q1 — q2 =C1 (VI -V2). 


If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 

l=f xAq=fxC1(V1 — V2). 



Figure 2. Switched Capacitor Building Block 
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LTC1044/7660 


nppucOTions mFORmnnon 

Rewriting in terms of voltage and impedance 
equivalence, 

■ V1-V2 _ VI -V2 
(1/fC1) Requiv 

A new variable, Requiv, has been defined such that 
Requiv = 1/fC1. Thus, the equivalent circuit for the 
switched capacitor network is as shown in Figure 3. 


Requiv 



Figure 3. Switched Capacitor Equivalent Circuit 

Examination of Figure 4 shows that the LTC1 044 has the 
same switching action as the basic switched capacitor 
building block. With the addition of finite switch on- 
resistance and output voltage ripple, the simple theory, 
although not exact, provides an intuitive feel for how the 
device works. 


For example, if you examine power conversion efficiency 
as a function of frequency (see typical curve), this simple 
theory will explain how the LTC1044 behaves. The loss, 
and hence the efficiency, is set by the output impedance. 
As frequency is decreased, the output impedance will 
eventually be dominated by the 1 /fCI term and power 
efficiency will drop. The typical curves for power effi- 
ciency versus frequency show this effect for various 
capacitor values. 

Note also that power efficiency decreases as frequency 
goes up. This is caused by internal switching losses 
which occur due to some finite charge being lost on each 
switching cycle. This charge loss per unit cycle, when 
multiplied by the switching frequency, becomes a current 
loss. At high frequency this loss becomes significant and 
the power efficiency starts to decrease. 

LV (Pin 6) 

The internal logic of the LTC1044 runs between V + and 
LV (pin 6). ForV + greater than or equal to 3V, an internal 
switch shorts LV to GND (pin 3). For V + less than 3V, the 
LV pin should be tied to GND. For V + greater than or 
equal to 3V, the LV pin can be tied to GND or left floating. 



Figure 4. LTC1044 Switched Capacitor Voltage Converter Block Diagram 


xTura 
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LTC1 044/7660 


flppucfflions inFORmnTion 

OSC (Pin 7) and Boost (Pin 1) 

The switching frequency can be raised , lowered or driven 
from an external source. Figure 5 shows a functional 
diagram of the oscillator circuit. 

By connecting the boost pin (pin 1 ) to V+ , the charge and 
discharge current is increased and, hence, the frequency 
is increased by approximately 7 times. Increasing the fre- 
quency will decrease output impedance and ripple for 
higher load currents. 

Loading pin 7 with more capacitance will lower the fre- 
quency. Using the boost (pin 1) in conjunction with ex- 
ternal capacitance on pin 7 allows user selection of the 
frequency over a wide range. 

Driving the LTC1044 from an external frequency source 
can be easily achieved by driving pin 7 and leaving the 
boost pin open, as shown in Figure 6. The output current 
from pin 7 is small, typically 0.5/*A, so a logic gate is 
capable of driving this current. The choice of using a 
CMOS logic gate is best because it can operate over a 
wide supply voltage range (3V to 15V) and has enough 
voltage swing to drive the internal Schmitt trigger shown 


in Figure 5. For 5V applications, a TTL logic gate can be 
used by simply adding an external pull-up resistor (see 
Figure 6). 

External Diode (Dx) 

Previous circuits of this type have required a diode be- 
tween Vout (pin 5) and the external capacitor, C2, for 
voltages above 6.5V (5 V for military temperature range). 
Because of improvements which have been made in the 
LTC1044 circuit design and Linear Technology’s silicon 
gate CMOS process, this diode is no longer required. The 
LTC 1 044 wi 1 1 operate from 1 . 5 V to 9V, without the protec- 
tion diode, over all temperature ranges. 

It should, however, be noted that the LTC1044 will 
operate without any problems in existing 7660 designs 
which use the protection diode, as long as the maximum 
operating voltage (V + ) of 9V is not exceeded. 

Capacitor Selection 

External capacitors Cl and C2 are not critical. Matching is 
not required, nor do they have to be high quality or tight 
tolerance. Aluminum or tantalum electrolytics are excellent 
choices, with cost and size being the only consideration. 


V + 



V + 



Figure 6. External Clocking 
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LTC1044/7660 


TYPICAL APPLICATIOnS 


Negative Voltage Converter 

Figure 7 shows a typical connection which will provide a 
negative supply from an available positive supply. This cir- 
cuit operates over full temperature and power supply ranges 
without the need of any external diodes. The LV pin (pin 6) 
is shown grounded , but for V + > 3 V it may be ‘ ‘floated ’ ’ , 
since LV is internally switched to ground (pin 3) for 
V+>3 V. 

The output voltage (pin 5) characteristics of the circuit are 
those of a nearly ideal voltage source in series with an 
8012 resistor. The 8012 output impedance is composed of 
two terms: 1) the equivalent switched capacitor resist- 
ance (see Theory of Operation) and 2) a term related to the 
on-resistance of the MOS switches. 

At an oscillator frequency of 10kHz and Cl =10^F, the 
first term is: 

Requ,v= (f^i^kci = 

= 2012 . 

5x10 3 xIOxlO -6 

Notice that the above equation for Requiv is not a 
capacitive reactance equation (Xc = 1 /COC) and does not 
contain a 27 T term. 


The exact expression for output impedance is extremely 
complex, but the dominant effect of the capacitor is clearly 
shown on the typical curves of output impedance and power 
efficiency versus frequency. For Cl = C2 = 1 0^tF, the out- 
put impedance goes from 6012 at fosc = 10kHz to 20012 at 
fosc = 1 kHz. As the 1 /fC term becomes large compared to 
the switch on-resistance term, the output resistance is de- 
termined by 1 /fC only. 

Voltage Doubling 

Figure 8 shows two methods of voltage doubling. In 
Figure 8a doubling is achieved by simply rearranging 
the connection of the two external capacitors. When the 
input voltage is less than 3 V, an external 1 M12 resistor is 
required to ensure the oscillator will start. It is not re- 
quired for higher input voltages. 

In this application the ground input (pin 3) is taken 
above V+ (pin 8) during turn-on, making it prone to 
latch-up. The latch-up is not destructive but simply 
prevents the circuit from doubling. Resistor R1 is added 
to eliminate the problem. In most cases 20012 is suffi- 
cient. It may be necessary in a particular application to 
increase this value to guarantee start-up. 

The voltage drop across R1 is : Vri = 2 x Iout x R1 . If 
this voltage exceeds two diode drops (1 .4V for silicon, 
0.8V for Schottky), the circuit in Figure 8a is recom- 
mended. This circuit will never have a start-up problem. 


JT 


E. 

-E 


"C7 - 




V+ (1.5V TO 9.0V) 

~IhJ 

3 

Tj ^REQUIRED FOR V + < 3V 


T M | N <T A <T MAX 


m- 


-tr»VouT — — v* 


Figure 7. Negative Voltage Converter 
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LTC1044/7660 


TYPICAL APPLICATION 

Ultra Precision Voltage Divider 

An ultra precision voltage divider is shown in Figure 9. To 
achieve the 0.0002% accuracy indicated, the load cur- 
rent should be kept below lOOnA. However, with a slight 
loss in accuracy, the load current can be increased. 

Battery Splitter 

A common need in many systems is to obtain ( + ) and 
( - ) supplies from a single battery or single power supply 
system. Where current requirements are small, the cir- 
cuit shown in Figure 10 is a simple solution. It provides 
symmetrical ± output voltages, both equal to one half 
the input voltage. The output voltages are both refer- 
enced to pin 3 (output common). If the input voltage be- 
tween pin 8 and pin 5 is less than 6 V, pin 6 should also be 
connected to pin 3, as shown by the dashed line. 

Paralleling for Lower Output Resistance 

Additional flexibility of the LTC1 044 is shown in Figures 1 1 , 
12 and 13. 


Figure 11 shows two LTC1044s connected in parallel to 
provide a lower effective output resistance. If, however, 
the output resistance is dominated by 1 /fCI , increasing 
the capacitor size (Cl ) or increasing the frequency will be 
of more benefit than the paralleling circuit shown. 

Figures 12 and 13 make use of “stacking” two 
LTC1044s to provide even higher voltages. In Figure 12, 
a negative voltage doubler or tripler can be achieved, 
depending upon how pin 8 of the second LTC1044 is con- 
nected, as shown schematically by the switch. Figure 13 
indicates a similar circuit which can be used to obtain 
positive tripling, or even quadrupling (the doubler circuit 
appears in Figure 8a. In both of these circuits, the 
available output current will be dictated/decreased by 
the product of the individual power conversion efficien- 
cies and the voltage step-up ratio. 


V+ (3VT018V) 




Figure 9. Ultra Precision Voltage Divider 


Figure 10. Battery Splitter 
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TVPICAl RPPUCATIOnS 


(V+) 



*THE EXCLUSIVE NOR GATE SYNCHRONIZES BOTH LTC1044S TO MINIMIZE RIPPLE 

Figure 11. Paralleling for Lower Output Resistance 


v+ 



Figure 12. Stacking for Higher Voltage 


1N914 



Figure 13. Voltage Tripler/Quadrupler 






LTC1044/7660 
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LTC1044/7660 


PACKflGC DCSCRIPTIOn 

H Package J8 Package 

Metal Can 8 Lead Hermetic DIP 



STANDOFF 


NOTE: DIMENSIONS IN INCHES (MILLIMETERS) 


Tjmax 

0ja 

0jc 

150°C 

150°C/W 

45°C/W 




NOTE: DIMENSIONS IN INCHES (MILLIMETERS) UNLESS OTHERWISE NOTED 
•LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


N8 Package 
8 Lead Plastic 
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technology 


F€RTUR€S 

■ Plug-In Compatible with 7660 with These Additional 
Features: 

• Guaranteed Operation to 9 V, with No External 
Diode, Over Full Temperature Range 

• Boost Pin (Pin 1) for Higher Switching Frequency 

• Lower Quiescent Power 

• Efficient Voltage Doubler 

■ 200/tA Max. No Load Supply Current at 5 V 

■ 97% Min. Open Circuit Voltage Conversion 
Efficiency 

■ 95% Min. Power Conversion Efficiency 

■ Wide Operating Supply Voltage Range, 1 ,5V to 9 V 

■ Easy to Use 

■ Commercial Device Guaranteed Over -40°C to 
85°C Temperature Range 

RPPUCRTIORS 

■ Conversion of +5V to ±5V Supplies 

■ Precise Voltage Division, Vout =Vin / 2 ± 20ppm 

■ Voltage Multiplication, Vout = ±nViN 

■ Supply Splitter, Vout = ±Vs/2 


Switched Capacitor 
Voltage Converter 

DCSCRIPTIOR 

The LTC1044 is a monolithic CMOS switched capacitor 
voltage converter which is manufactured using Linear 
Technology’s enhanced LTCMOS™ silicon gate process. 
The LTC1044 provides several voltage conversion func- 
tions: the input voltage can be inverted (Vout = — Vin ) ■ 
doubled ( Vout = 2Vin ), divided (Vout = Vin / 2) or multi- 
plied (Vout = ±nViN). 

Designed to be pin-for-pin and functionally compatible 
with the popular 7660, the LTC1044 provides significant 
features and improvements over earlier 7660 designs. 
These improvements include: full 1 ,5V to 9 V supply op- 
eration over the entire operating temperature range, with- 
out the need for external protection diodes; Vk times 
lower quiescent current for greater power conversion effi- 
ciency; and a “boost’ ’ function which is available to raise 
the internal oscillator frequency to optimize performance 
in specific applications. 

Although the LTC1044 provides significant design and 
performance advantages over the earlier 7660 device, it 
still I maintains itscompatibilitywithexisting7660designs. 

LTCMOS™ is a trademark of Linear Technology Corp. 


Generating CMOS Logic Supply from 2 Mercury Batteries 



Supply Current vs Supply 



01 23456789 10 

SUPPLY VOLTAGE, V+ (V) 


xTuns® 
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absolute mnximum Rnrines prckag€/ordcr mfORmnnoA 

(Notes 1 and 2) 

Supply Voltage 9.5V 

Input Voltage on Pins 1 , 6 and 7 

(Note 2) -0.3 V<Vin<V + +0.3V 

Current into Pin 6 2(VA 

Output Short Circuit Duration 

(V + <5.5V) Continuous 

Operating Temperature Range -40 °C<Ta <85°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 


BOOST [7 I 
CAP+ [7 
GROUND [7 1 
CAP- [7 


U v+ 

7] osc 

jD LV 
U V 0 UT 


S8 PACKAGE 
PLASTIC SO 


ORDER 

PART NUMBER 


LTC1044CS8 


PART MARKING 


1044 


ELECTRICAL CHARACTERISTICS V + = 5V, Ta = 25°C, unless otherwise specified. 

See LTC1044/7660 data sheet for test circuit. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1044CS8 

MIN TYP MAX 

UNITS 

k 

Supply Current 

R L = oo, Pins 1 and 7 No Connection 


60 200 

ptA 



R l = oo, Pins 1 and7V = 3V 


20 

/.A 

V + L 

Minimum Supply Voltage 

o 

II 

cc 

• 

1.5 

V 

V + H 

Maximum Supply Voltage 

R L = 10k (Note 3) 

• 

9 

V 

r out 

Output Resistance 

l L = 200mA, f 0 sc=5kHz 


100 

a 




• 

130 

Q 



V + =2V, l L = 3mA, f osc = 1kHz 

• 

325 

Q 

fosc 

Oscillator Frequency 

Cqsc = IpF (Note 4) 






V* =5V 

• 

5 

kHz 



V + = 2V 

• 

1 

kHz 

Peff 

Power Efficiency 

R L = 5kfl, f 0 sc = 5kHz 


95 98 

% 

V OUTEFF 

Voltage Conversion 

R|_= OO 


97 99.9 

% 


Efficiency 





•osc 

Oscillator Sink or Source 

V osc =0VorV + 





Current 

Pin 1 =0V 

• 

3 

nA 



Pin 1 =V + 

JLj 

20 

/iA 


The # denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the 
life of the device may be impaired. 

Note 2: Connecting any input terminal to voltages greater than V + or 
less than ground may cause destructive latch-up. It is recommended that 
no inputs from sources operating from external supplies be applied prior 
to power-up of the LTC1044. 


Note 3: The LTC1044 is guaranteed to operate with alkaline, mercury or 
NiCad 9 V batteries, even though the initial battery voltage may be slightly 
higher than 9.0V. 

Note 4: f 0S c *s tested with C 0 sc = lOOpF to minimize the effects of test 
fixture capacitance loading. The 1 pF frequency is correlated to this 
lOOpF test point, and is intended to simulate the capacitance at pin 7 
when the device is plugged into a test socket and no external capacitor is 
used. 
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LT1054 

Switched Capacitor Voltage 
Converter with Regulator 

D€SCMPTIOn 


■ 100mA Output Current 

■ Low Loss-1.1V at 100mA 

■ Operating Range 3.5V to 15V 

■ Reference and Error Amplifier for Regulation 

■ External Shutdown 

■ External Oscillator Sync 

■ Can be Paralleled 

■ Pin Compatible with the LTC1044/7660 

APPUCRTIOnS 

■ Voltage Inverter 

■ Negative Voltage Doubler 

■ Voltage Regulator 

■ Positive Voltage Doubler 


The LT1054 is a monolithic, bipolar, switched capacitor 
voltage converter and regulator. The LT1054 provides 
higher output current than previously available converters 
with significantly lower voltage losses. An adaptive switch 
drive scheme optimizes efficiency over a wide range of 
output currents. Total voltage loss at 100mA output cur- 
rent is typically 1.1V. This holds true over the full supply 
voltage range of 3.5 V to 15V. Quiescent current is typically 
2.5 mA. 

The LT1054 also provides regulation, a feature not previ- 
ously available in switched capacitor voltage converters. 

By adding an external resistive divider, a regulated output 
can be obtained. This output will be regulated against 
changes in both input voltage and output current. The 
LT1054 can also be shut down by grounding the feedback 
pin. Supply current in shut down is less than 100*iA. 

The internal oscillator of the LT1054 runs at a nominal fre- EV 
quency of 25kHz. The oscillator pin can be used to adjust 
the switching frequency, or to externally synchronize the 
LT1054. 

The LT1054 is pin compatible with previous converters 
such as the LTC1044/7660. 
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absolute mnximum ratiags 


Supply Voltage (Note 1) 16V 

Input Voltage (Pin 1) 0 V<V P ini<V+ 

Input Voltage (Pin 7) OV < VpiN 7 < Vref 

Operating Temperature Range 

LT1054C 0°Cto 70°C 

LT1054M -55°Cto125°C 

Junction Temperature (Note 2) 

LT1054C 125°C 

LT1054M 150°C 

Storage Temperature Range - 55°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORfflATlOA 



TOP VIEW 


ORDER PART 
NUMBER 

FB/SD E 

cap+[7 
gnd[T 
cap- [7 


J] V + 

7]osc 
]D Vref 

IJVout 

LT1054 

LT1054MJ 

LT1054CJ 

LT1054CN 

J8 PACKAGE N8 PACKAGE 

HERMETIC DIP PLASTIC DIP 

FB/SD 

TOP VIEW 

V + 

OSC 

LT1054MH 

LT1054CH 

CAP+(j 

) LT1054 ( 

Vref 


GND 


VoUT 

ALSO AVAILABLE 

CASE IS V out 


IN SO PACKAGE 

CAP- 

H PACKAGE 
TO-5 METAL CAN 




ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

lLOAD = 0 m A 

V IN = 3.5V 

• 


2.5 

3.5 

mA 


V in = 15V 

• 


3.0 

4.5 

mA 

Supply Voltage Range 


• 

3.5 


15 

V 

Voltage Loss (V, N - |V 0UT |) 

Cin = C 0 ut=1%F Tantalum 

(Note 3) 

loUT= 

• 


0.35 

0.55 

V 


I 0 ut= 100mA 

• 


1.10 

1.60 

V 

Output Resistance 

AIqut = 10m A to 100mA 
(Note 4) 

• 


10 

15 

0 

Oscillator Frequency 

3.5V <V, N < 15V 

• 

15 

25 

35 

kHz 

Reference Voltage 

•ref = 60^A 

Tj = 25°C 


2.35 

2.50 

2.65 

V 



• 

2.25 


2.75 

V 

Regulated Voltage 

V, N = 7V, Ti = 25°C, R L = 500Q 
(Note 5) 


-4.70 

-5.00 

-5.20 

V 

Line Regulation 

7V<V IN <12V, R L = 500fl 
(Note 5) 

• 


5 

25 

mV 

Load Regulation 

V| N = 7V 

100Q<R l <5000 
(Note 5) 

• 


10 

50 

mV 

Maximum Switch Current 

‘ 


! 300 

mA 

Supply Current In Shutdown 

V P ,N1 = 0V 

• 


100 

150 

/iA 


The • denotes specifications which apply over the full operating tempera- 
ture range. For C grade parts these specifications also apply up to a junc- 
tion temperature of 100°C. 

Note 1: The absolute maximum supply voltage rating of 16V is for unregu- 
lated circuits. For regulation mode circuits with V 0 ut^ 15V at Pin 5, this rat- 
ing may be increased to 20V. 

Note 2: The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 

Note 3: For voltage loss tests, the device is connected as a voltage 


inverter, with Pins 1,6, and 7 unconnected. The voltage losses may be 
higher in other configurations. 

Note 4: Output resistance is defined as the slope of the curve, (AVqut vs 
AIqut), for output currents of 10 to 100 mA. This represents the linear por- 
tion of the curve. The incremental slope of the curve will be higher at cur- 
rents < 1 0mA due to the characteristics of the switch transistors. 

Note 5: All regulation specifications are for a device connected as a 
positive to negative converter/regulator with R1 = 20k, R2 = 102.5k, 

Cl = 0.002/iF, Cin = 10/iF tantalum, Cqut = 100/lF tantalum. 
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TYPICAL P€RFOAmnnC€ CHARACTERISTICS 


Shutdown Threshold 


Supply Current 


Oscillator Frequency 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



0 5 10 15 

INPUT VOLTAGE (V) 


a 

cc 


35 



15 I I I I I I I I... I 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



0 5 10 15 

INPUT VOLTAGE (V) 


Average Input Current 


Output Voltage Loss 



0 20 40 60 80 100 

OUTPUT CURRENT (mA) 



s 
















'out 

= 10 

OmA 
















'out 

= 50 

mA~ 


2 





















.'out 

= 10 

mA_ 



— 

1 

INV 

ERTE 

:r cc 

r-n — r— 

NFIGURATI0N 





fosc =25kHz 

1 1 1 1 1 


0 10 20 30 40 50 60 70 80 90 100 

Cin (#*F) 


Output Voltage Loss 


Output Voltage Loss 




1 10 100 
OSCILLATOR FREQUENCY (kHz) 
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typical P€RFonmnnc€ characteristics 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Reference Voltage Temperature 
Coefficient 



-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


RPPUCRTIORS IRFORIYIATIOR 

Theory of Operation 

To understand the theory of operation of the LT1054, a 
review of a basic switched capacitor building block is 
helpful. 

In Figure 1, when the switch is in the left position, capaci- 
tor Cl will charge to voltage VI. The total charge on Cl will 
be q1=C1V1. The switch then moves to the right, dis- 
charging Cl to voltage V2. After this discharge time, the 
charge on Cl is q2=C1V2. Note that charge has been 
transferred from the source, VI, to the output, V2. The 
amount of charge transferred is: 

Aq = q1-q2 = C1(V1-V2). 

If the switch is cycled f times per second, the charge 
transfer per unit time (i.e., current) is: 

I = f x Aq = f x C1{V1 — V2). 


To obtain an equivalent resistance for the switched- 
capacitor network we can rewrite this equation in terms of 
voltage and impedance equivalence: 


■ VI - V2 ^ VI - V2 
' (1/fC1) “ Requiv 



Figure 1. Switched Capacitor Building Block 


A new variable, Requiv, is defined such that Requiv = 1/fC1. 
Thus, the equivalent circuit for the switched capacitor net- 
work is as shown in Figure 2. The LT1054 has the same 
switching action as the basic switched capacitor building 
block. Even though this simplification doesn’t include fi- 
nite switch on-resistance and output voltage ripple, it pro- 
vides an intuitive feel for how the device works. 

These simplified circuits explain voltage loss as a func- 
tion of frequency (see typical curve). As frequency is 
decreased, the output impedance will eventually be domi- 
nated by the 1/fC1 term and voltage losses will rise. 

Note that losses also rise as frequency increases. This is 
caused by internal switching losses which occur due to 
some finite charge being lost on each switching cycle. 
This charge loss per-unit-cycle, when multiplied by the 
switching frequency, becomes a current loss. At high fre- 
quency this loss becomes significant and voltage losses 
again rise. 

The oscillator of the LT1054 is designed to run in the fre- 
quency band where voltage losses are at a minimum. 


Requiv 



Figure 2. Switched Capacitor Equivalent Circuit 
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nppucnnons inponmnnon 

Pin Functions 

V + (Pin 8): Input supply pin. The LT1054 alternately 
charges Cin to the input voltage when Qn is switched in 
parallel with the input supply, and then transfers charge to 
Cout when Cin is switched in parallel with Com- Switching 
occurs at the oscillator frequency. During the time that Qn 
is charging, the peak supply current will be approximately 
equal to 2.2 times the output current. During the time that 
Qn is delivering charge to Cout the supply current drops 
to approximately 0.2 times the output current. An input 
supply bypass capacitor will supply part of the peak input 
current drawn by the LT1054, and average out the current 
drawn from the supply. A minimum input supply bypass 
capacitor of 2/iF, preferably tantalum or some other low 
ESR type is recommended. A larger capacitor may be de- 
sirable in some cases, for example when the actual input 
supply is connected to the LT1054 through long leads, or 
when the pulse currents drawn by the LT1054 might affect 
other circuitry through supply coupling. 

Vout (Pin 5): In addition to being the output pin, the pin is 
also tied to the substrate of the device. Special care must 
be taken in LT1054 circuits to avoid pulling this pin posi- 
tive with respect to any of the other pins. Pulling Pin 5 
positive with respect to Pin 3 (GND) will forward bias the 
substrate diode which will prevent the device from start- 
ing. This condition can occur when the output load driven 
by the LT1054 is referred to its positive supply, (or to some 
other positive voltage). Note that most op amps present 
just such a load, since their supply currents flow from 
their V + terminals to their V - terminals. To prevent start- 
up problems with this type of load, an external transistor 
must be added as shown in Figure 3. This will prevent Vout 


V + 



(Pin 5) from being pulled above the ground pin (Pin 3) dur- 
ing start-up. Any small, general purpose transistor such as 
2N2222 or 2N2219 can be used. Rx should be chosen to 
provide enough base drive to the external transistor so 
that it is saturated under nominal output voltage and maxi- 
mum output current conditions. In some cases an N-chan- 
nel enhancement mode MOSFet can be used in place of 
the transistor. 

Rx_ (l V OUTP^ 

lOUT 

Vref (P in 6): Reference output pin. This pin provides a 2.5V 
reference point for use in LT1054 based regulator circuits. 
The temperature coefficient of the reference voltage has 
been adjusted so that the temperature coefficient of the 
regulated output voltage is close to zero. This requires the 
reference output to have a positive temperature coeffi- 
cient as can be seen in the typical performance curves. 
This non-zero drift is necessary to offset a drift term inher- 
ent in the internal reference divider and comparator net- 
work tied to the feedback pin. The overall result of these 
drift terms is a regulated output which has a slight posi- 
tive temperature coefficient at output voltages below 5V 
and a slight negative TC at output voltages above 5V. Ref- 
erence output current should be limited, for regulator feed- 
back networks, to approximately 60/A The reference pin 
will draw * 100/A when shorted to ground, and will not af- 
fect the internal reference/regulator, so that this pin can 
also be used as a pull-up for LT1054 circuits that require 
synchronization. 

CAP + /CAP - (Pin 2/Pin 4): Pin 2, the positive side of the in- 
put capacitor (Qn) is alternately driven between V + and 
ground. When driven to V + , Pin 2 sources current from 
V + . When driven to ground, Pin 2 sinks current to ground. 
Pin 4, the negative side of the input capacitor is driven al- 
ternately between ground and Vout- When driven to 
ground, Pin 4 sinks current to ground. When driven to 
Vout, Pin 4 sources current from Cout- In all cases current 
flow in the switches is unidirectional, as should be ex- 
pected using bipolar switches. 


jrmm 
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OSC (Pin 7): Oscillator pin. This pin can be used to raise or 
lower the oscillator frequency, or to synchronize the de- 
vice to an external clock. Internally, Pin 7 is connected to 
the oscillator timing capacitor (Ct«150pF) which is al- 
ternately charged and discharged by current sources of 
± 7/tA, so that the duty cycle is =50%. The LT1054 oscilla- 
tor is designed to run in the frequency band where 
switching losses are minimized. However, the frequency 
can be raised, lowered or synchronized to an external sys- 
tem clock if necessary. 



Figure 4 


The frequency can be lowered by adding an external 
capacitor (Cl Figure 4) from Pin 7 to ground. This will in- 
crease the charge and discharge times, which lowers the 
oscillator frequency. The frequency can be increased by 
adding an external capacitor (C2 Figure 4, in the range of 
5pF-20pF) from Pin 2 to Pin 7. This capacitor will couple 
charge into Ct at the switch transitions, which will shorten 
the charge and discharge time, raising the oscillator fre- 
quency. Synchronization can be accomplished by adding 
an external resistive pull-up from Pin 7 to the reference pin 
(Pin 6). A 20k pull-up is recommended. An open collector 
gate or an NPN transistor can then be used to drive the os- 
cillator pin at the external clock frequency as shown in 
Figure 4. Pulling up Pin 7 to an external voltage is not rec- 
ommended. For circuits that require both frequency syn- 
chronization and regulation, an external reference can be 
used as the reference point for the top of the R1/R2 divider 
allowing Pin 6 to be used as a pull-up point for Pin 7. 


Feedback/Shutdown (Pin 1): This pin has two functions. 
Pulling Pin 1 below the shutdown threshold (=0.45V) puts 
the device into shutdown. In shutdown, the reference/ 
regulator is turned off and switching stops. The switches 
are set such that both Cin and Com are discharged 
through the output load. Quiescent current in shutdown 
drops to approximately 100fiA (see typical curves). Any 
open-collector gate can be used to put the LT1054 into 
shutdown. For normal (unregulated) operation the device 
will start back up when the external gate is shut off. In 
LT1054 circuits that use the regulation feature, the ex- 
ternal resistor divider can provide enough pull-down to 
keep the device in shutdown until the output capacitor 
(Com) has fully discharged. For most applications where 
the LT1054 would be run intermittently, this does not pre- 
sent a problem because the discharge time of the output 
capacitor will be short compared to the off time of the de- 
vice. In applications where the device has to start-up be- 
fore the output capacitor (Com) has fully discharged, a 
restart pulse must be applied to Pin 1 of the LT1054. Using 
the circuit of Figure 5, the restart signal can be either a 
pulse (t p > lOOjts) or a logic high. Diode coupling the restart 
signal into Pin 1 will allow the output voltage to come up 
and regulate without overshoot. The resistor divider R3/R4 
in Figure 5 should be chosen to provide a signal level at 
Pin 1 of 0.7V-1.1V. 

Pin 1 is also the inverting input of the LT1054’s error am- 
plifier, and as such can be used to obtain a regulated out- 
put voltage. 


Regulation 

The error amplifier of the LT1054 servoes the drive to the 
PNP switch to control the voltage across the input capaci- 
tor (Cin), which in turn will determine the output voltage. 
Using the reference and error amplifier of the LT1054, an 
external resistive divider is all that is needed to set the 
regulated output voltage. Figure 5 shows the basic regula- 
tor configuration and the formula for calculating the ap- 
propriate resistor values. R2 should be chosen to be 20kQ 
or greater because the reference output current is limited 
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Figures 


to * 100/iA. R1 should be chosen to be in the range of 100k 
to 300k. Frequency compensation is accomplished by 
adjusting the ratio of Cin/Cout- For best results, this ratio 
should be *1/10. Cl, required for good load regulation at 
light load currents, should be 0.002/iF for all output 
voltages. 

It can be seen from the circuit block diagram that the 
maximum regulated output voltage is limited by the sup- 
ply voltage. For the basic configuration, |Vout| referred to 
the ground pin of the LT1054 must be less than the total of 
the supply voltage minus the voltage loss due to the 
switches. The voltage loss versus output current due to 
the switches can be found in the typical performance 
curves. Other configurations such as the negative doubler 
can provide higher output voltages at reduced output cur- 
rents (see typical applications). 

Capacitor Selection 

While the exact values of Qn and Cout are non-critical, 
good quality, low ESR capacitors such as solid tantalum 
are necessary to minimize voltage losses at high currents. 
For Cin the effect of the ESR of the capacitor will be multi- 
plied by four, due to the fact that switch currents are ap- 
proximately two times higher than output current, and 
losses will occur on both the charge and discharge cycle. 
This means that using a capacitor with 10 of ESR for Cin 
will have the same effect as increasing the output 


impedance of the LT1054 by 40. This represents a signif- 
icant increase in the voltage losses. For Cout the affect of 
ESR is less dramatic. Cout is alternately charged and dis- 
charged at a current approximately equal to the output 
current, and the ESR of the capacitor will cause a step 
function to occur, in the output ripple, at the switch transi- 
tions. This step function will degrade the output regula- 
tion for changes in output load current, and should be 
avoided. Realizing that large value tantalum capacitors 
can be expensive, a technique that can be used is to paral- 
lel a smaller tantalum capacitor with a large aluminum 
electrolytic capacitor to gain both low ESR and reason- 
able cost. Where physical size is a concern some of the 
newer chip type surface mount tantalum capacitors can 
be used. These capacitors are normally rated at working 
voltages in the 10V-20V range and exhibit very low E.S.R., 
(in the range of 0.10). 

Output Ripple 

The peak-to-peak output ripple is determined by the value 
of the output capacitor and the output current. Peak-to- 
peak output ripple may be approximated by the formula: 

dV= _ !oyi_ 

2fCoUT 

where dV = p-p ripple 

f = oscillator frequency 
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For output capacitors with significant ESR, a second term 
must be added to account for the voltage step at the 
switch transitions. This step is, approximately equal to: 

(2Iout)(ESR of Cout) 

Power Dissipation 

The power dissipation of any LT1054 circuit must be lim- 
ited such that the junction temperature of the device does 
not exceed the maximum junction temperature ratings. 
The total power dissipation must be calculated from two 
components, the power loss due to voltage drops in the 
switches, and the power loss due to drive current losses. 
The total power dissipated by the LT1054 can be calcu- 
lated from: 

P~(Vin - 1 VoutI) (Iout) + (Vim) (Iout) (0.2) 

where both Vin and Vout are referred to the ground pin 
(Pin 3) of the LT1054. For LT1054 regulator circuits, the 
power dissipation will be equivalent to that of a linear 
regulator. Due to the limited power handling capability of 
the LT1054 packages, the user will have to limit output cur- 
rent requirements or take steps to dissipate some power 
external to the LT1054 for large input/output differentials. 
This can be accomplished by placing a resistor in series 
with Cin as shown in Figure 6. A portion of the input volt- 
age will then be dropped across this resistor, without af- 
fecting the output regulation. Because switch current is 
approximately 2.2 times the output current, and the resis- 
tor will cause a voltage drop when Cin is both charging 
and discharging, the resistor should be chosen as: 

Rx=Vy/(4.4 Iout) 

where 

Vx~V| N - [(LT1054 voltage loss) (1.3) + 1 V 0 U t I ] 

and Iout = maximum required output current. The factor of 
1 .3 will allow some operating margin for the LT1054. 

For example: assume a + 12V to — 5V converter at 100mA 
output current. First calculate the power dissipation with- 
out an external resistor: 

P=(12V- | -5V|) (100mA) + (12V) (100mA) (0.2) 

P = 700mW + 240mW = 940mW 



At 0ja of 130°C/W for a commercial plastic device this 
would cause a junction temperature rise of 122°C, so that 
the device would exceed the maximum junction tempera- 
ture at an ambient temperature of 25°C. Now calculate the 
power dissipation with an external-resistor (Rx). First find 
how much voltage can be dropped across Rx. The maxi- 
mum voltage loss of the LT1054 in the standard regulator 
configuration at 100mA output current is 1.6V, so 

V x = 12V -[(1.6V) (1.3)+ | -5V|] = 4.9V and 

Rx = 4.9V/(4.4) (1 00m A) = 1 1Q. 

This resistor will reduce the power dissipated by the LT1054 
by (4.9V) (100mA) =490mW. The total power dissipated by 
the LT1054 would then be =(940mW-490mW)=450mW. 
The junction temperature rise would now be only 58°C. 
Although commercial devices are guaranteed to be func- 
tional up to a junction temperature of 125°C, the specifica- 
tions are only guaranteed up to a junction temperature of 
100°C, so ideally you should limit the junction tempera- 
ture to 100°C. For the above example this would mean 
limiting the ambient temperature to 42°C. Other steps can 
be taken, however, to allow higher ambient temperatures. 
The thermal resistance numbers for the LT1054 packages 
represent worst-case numbers with no heat-sinking and 
still air. Small clip-on type heat sinks can be used to lower 
the thermal resistance of the LT1054 package. In some 
systems there may be some available airflow which will 
help to lower the thermal resistance. Wide PC board 
traces from the LT1054 leads can also help to remove heat 
from the device. This is especially true for plastic 
packages. 
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LT1054 


TYPICAL APPLICATION 


Basic Voltage Inverter 


Basic Voltage Inverter/Regulator 


100/uF 



V|N 

2 M F 


-VOUT 

lOO^F 


Negative Voltage Doubler 




V 0 UT = 2V|n + (LT1 054 VOLTAGE L0SS) + (Q x SATURATION VOLTAGE) 
*SEE FIGURE 3 


Positive Doubler 

V IN 

3.5V TO 15V 



100mA Regulating Negative Doubler 


3.5V TO 15V 



/rurm 

TECHNOLOGY 


5-31 







TYPICAL APPLICATION 


Dual Output Voltage Doubler 

V|N 

3.5V TO 15V 



Strain Gage Bridge Signal Conditioner 
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LT1054 


TVPICAl APPUCATIOAS 

Positive Doubler with Regulation 

( + 5V to + 8V Converter) Neaative Doubler with Reoulator 



PACKAG6 DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 





J8 Package Cerdip 



N8 Package Molded DIP 


0.400 

(10 160) 

MAX 

i«i m m [si 


) 


“ r 

0 250 ±0 010 
(6.350 ± 0.254) 

i 

Lii Lil 

UTET 

Tjmax 

100°C 

9 ia 

. 130°C/W 
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TECHNOLOGY 


F€ATUft€S 


LT1054CS/LT1054IS 

Switched Capacitor Voltage 
Converter with Regulator 

DCSCRIPTIOO 


■ 100mA Output Current 

■ Low Loss— 1.1V at 100mA 

■ Operating Range 3.5V to 15V 

■ Reference and Error Amplifier for Regulation 

■ External Shutdown 

■ External Oscillator Sync 

■ Can be Paralleled 

APPUCATIOAS 

■ Voltage Inverter 

■ Negative Voltage Doubler 

■ Voltage Regulator 

■ Positive Voltage Doubler 


The LT1054 is a monolithic, bipolar, switched capacitor 
voltage converter and regulator. The LT1054 provides 
higher output current than previously available converters 
with significantly lower voltage losses. An adaptive switch 
drive scheme optimizes efficiency over a wide range of 
output currents. Total voltage loss at 100mA output cur- 
rent is typically 1.1V. This holds true over the full supply 
voltage range of 3.5V to 15V. Quiescent current is typically 
2.5 mA. 


The LT1054 also provides regulation, a feature not previ- 
ously available in switched capacitor voltage converters. 
By adding an external resistive divider, a regulated output 
can be obtained. This output will be regulated against 
changes in both input voltage and output current. The 
LT1054 can also be shut down by grounding the feedback 
pin. Supply current in shut down is less than 100/iA. 

The internal oscillator of the LT1054 runs at a nominal fre- 
quency of 25kHz. The oscillator pin can be used to adjust 
the switching frequency, or to externally synchronize the 
LT1054. 
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LT1054CS/LT1054IS 


ABSOLUTE fflAXIfflUffl AATIAGS 


Supply Voltage (Note 1) 16V 

Input Voltage (Pin 3) OV < Vpin 3 s V + 

Input Voltage (Pin 13) OV <Vpini3< Vref 

Operating Temperature Range 

LT1054C 0°Cto70°C 

LT1054I - 40°C to 85°C 

Junction Temperature (Note 2) 125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€R lAFORfflATlOA 


TOP VIEW 


ORDER PART 
NUMBER 

NC |T 
NC [7 

FB/SD U 
CAP + [7 
gnd[7 

CAP- 

NC [7 
NC [7 

S PACKAGE 

16 LEAD PLASTIC SOL 

Te| nc 

15J NC 

53 v+ 

T 3 J osc 

HI Vref 

3 V 0 UT 

53 nc 

9 ] NC 

LT1054CS 

LT1054IS 

PART MARKING 

LT1054CS 

LT1054IS 


€l€CTAICAl CHAAACT€ AISTICS 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Supply Current 

*LOAD = 0 m A 

V tN = 3.5V 

V| N = 15V 

• 

• 

2.5 3.5 

3.0 4.5 

mA 

mA 

Supply Voltage Range 


• 

3.5 15 

V 

Voltage Loss(V )N - 1 V 0 U tI) 

Cin = Cout= lOOjtF Tantalum 
(Note 3) 

Iout = ^mA 

Iout = 100mA 

• 

• 

0.35 0.55 

1.10 1.60 

V 

V 

Output Resistance 

Al O uT = 10mA to 100mA 
(Note 4) 

• 

10 15 

ft 

Oscillator Frequency 

3.5V<V|n<15V 

• 

15 25 35 

kHz 

Reference Voltage 

Iref = 60/tA 

Tj = 25°C 

• 

2.35 2.50 2.65 

2.25 2.75 

V 

V 

Regulated Voltage 

Vin = 7V,T|=25°C 
(Note 5) 


-4.70 -5.00 -5.20 

V 

Line Regulation 

7V<V| N <12V 
(Note 5) 

• 

I 

5 25 

mV 

Load Regulation 

V,n = 7V 

1 00ft <R|_< 500ft 
(Note 5) 

I 

1 

• ‘ 

10 50 

mV 

Maximum Switch Current 



300 

mA 

Supply Current In Shutdown 

V P |N3 = 0V 

• 

100 150 

«A 


The • denotes specifications which apply over the full operating tempera- 
ture range. For C grade parts these specifications also apply up to a junc- 
tion temperature of 100°C. 

Note 1: The absolute maximum supply voltage rating of 16V is for unregu- 
lated circuits. For regulation mode circuits with V 0 U t< 15V at Pin 11, this 
rating may be increased to 20V. 

Note 2: The devices are guaranteed by design to be functional up to the 
absolute maximum junction temperature. 


Note 3: For voltage loss tests, the device is connected as a voltage 
inverter, with Pins 3, 12, and 13 unconnected. The voltage losses may be 
higher in other configurations. 

Note 4: Output resistance is defined as the slope of the curve, (AV 0 ut vs 
AI 0 ut), for output currents of 10 to 100 mA. This represents the linear por- 
tion of the curve. The incremental slope of the curve will be higher at cur- 
rents < 10mA due to the characteristics of the switch transistors. 

Note 5: All regulation specifications are for a device connected as a posi- 
tive to negative converter/regulator with R1 = 20k, R2 = 102.5k, Cl = 0.05/iF, 
Cin = 10/iF tantalum, C 0 ut = 100/iF tantalum. 
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^■L »/ TECHNOLOGY 


LT1070/LT1071 


F€ATUR€S 

■ Wide Input Voltage Range 3V-60V 

■ Low Quiescent Current— 6mA 

■ Internal 5A Switch (2.5A for LT1071) 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Operates in Nearly All Switching Topologies 

■ Shutdown Mode Draws Only 50 /jA Supply Current 

■ Flyback-Regulated Mode has Fully Floating Outputs 

■ Comes in Standard 5-Pin Packages 

■ Can be Externally Synchronized (Consult Factory) 

APPUCATIOAS 

■ Logic Supply 5V @ 10A 

■ 5V Logic to ± 15V Op Amp Supply 

■ Offline Converter up to 200W 

■ Battery Upconverter 

■ Power Inverter (+ to -)or(- to +) 

■ Fully Floating Multiple Outputs 

■ For Lower Current Applications see LT1072 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional description of 
the LT1070/LT1071. Application circuits are included to show the capability of the LT1070/LT1071. A com- 
plete design manual (AN-19) should be obtained to assist in developing new designs. This manual con- 
tains a comprehensive discussion of both the LT1070 and the external components used with it, as well as 
complete formulas for calculating the values of these components. The manual can also be used for the 
LT1071 by factoring in the lower switch current rating. A second application note, AN-25, which details 
off-line applications is available. 


5A and 2.5A High Efficiency 
Switching Regulators 

DCSCAIPTIOA 

The LT1070 and LT1071 are monolithic high power switch- 
ing regulators. They can be operated in all standard 
switching configurations including buck, boost, flyback, 
forward, inverting and “Cuk”. A high current, high effi- 
ciency switch is included on the die along with all oscilla- 
tor, control, and protection circuitry. Integration of all 
functions allows the LT1070/LT1071 to be built in a stand- 
ard 5-pin TO-3 or TO-220 power package. This makes it ex- 
tremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 

The LT1070/LT1071 operates with supply voltages from 3V 
to 60V, and draws only 6mA quiescent current. It can de- 
liver load power up to 100 watts with no external power de- 
vices. By utilizing current-mode switching techniques, it 
provides excellent AC and DC load and line regulation. 

The LT1070/LT1 071 has many unique features not found 
even on the vastly more difficult to use low power control 
chips presently available. It uses adaptive anti-sat switch 
drive to allow very wide ranging load currents with no loss 
in efficiency. An externally activated shutdown mode re- 
duces total supply current to 50/tA typical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional “flyback regulation 
mode” built into the LT1070/LT1071, without the need for 
opto-couplers or extra transformer windings. 


TYPICAL APPUCATIOA 



Maximum Output Power* 



10 


40 


20 30 

INPUT VOLTAGE (V) 

‘ROUGH GUIDE ONLY. BUCK MODE 
P 0 UT= 5A X Vout- SPECIAL TOPOLOGIES 
DELIVER MORE POWER. 

“DIVIDE VERTICAL POWER SCALE 
BY 2 FOR LT1071 









LT1070/LT1071 


ABSOLUTE fflAXIfflUffl RATIflGS 


Supply Voltage 

LT1070/71HV (See Note 1) 60V 

LT1070/71 (See Note 1) 40V 

Switch Output Voltage 

LT1 070/71 HV 75 V 

LT1 070/71 65V 

Feedback Pin Voltage (Transient, 1ms) ± 15V 

Operating Junction Temperature Range 

LT1070/71HVM, LT1070/71M -55°Cto +150°C 

LT1070/71HVC, LT1070/71C (Oper.) 0°C to + 100°C 

LT1070/71HVC, LT1070/71C (Sh. Ckt.) . . . 0°C to + 125°C 

Storage Temperature Range - 65°C to +150°C 

Lead Temperature (Soldering, lOsec) 300°C 


Note 1: Minimum switch “on” time for the LT1070/LT1071 in current limit is 
* 1 .Ojusec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to »35V. Normal 
(unshorted) conditions are not affected. Mask changes are being imple- 
mented which will reduce minimum “on” time to < Vsec, increasing 
maximum short circuit input voltage above 40V. If the present LT1070/ 
LT1071 (contact factory for package date code) is being operated in the 
buck or inverting mode at high input voltages and short circuit conditions 
are expected, a resistor must be placed in series with the inductor, as 
follows: 


PRCKRG6/ORD6R IRFORfllRTIOR 


BOTTOM VIEW 

ORDER PART NUMBER 

Vsw — — Vc 

( o ° 2 o') CASE 

VV 4 0 3 ISGND 

V| N ^\ 

4 LEAD TO-3 

LT1070/LT1071HVMK 

LT1070/LT1071MK 

LT 1 070/LT 1071 H VGK 

LT 1 070/LT 1 07 1 C K 

FRONT VIEW 


C 

D 


1 2 

0 

I 

4 5 

LT1070/LT1071 HVCT 
LT1070/LT1071CT 

VC-4J 

1_P V IN 


FB *W 

' ir * — Vsw 
GND 


5 LEAD TO-220 



The value of the resistor is given by: 

R _ t • f * v IN - vt Rl 

•(LIMIT) 

t = Minimum “on” time of LT1070/LT1071 in current limit, s 
f = Operating frequency (40kHz) 

Vf = Forward voltage of external catch diode at 
I ( umit>= Current limit of LT1070(~8A), LT1071 (*4A) 

R L = Internal series resistance of inductor 


ElECTRICAl CHARACTERISTICS 

Unless otherwise specified, Vin = 15V, Vc = 0.5V, Vfb = Vref> output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 

• 

1.224 1.244 1.264 

1.214 1.244 1.274 

V 

•b 

Feedback Input Current 

v fb= v ref 

• 

350 750 

1100 

nA 

gm 

Error Amplifier 

Transconductance 

AIq = ± 25/iA 

• 

3000 4400 6000 

2400 7000 

/imho 


Error Amplifier Source or 

Sink Current 

V C = 1.5V 

• 

150 200 350 

120 400 

nA 

+ 


Error Amplifier Clamp 

Voltage 

Hi Clamp, V FB = IV 

Lo Clamp, V FB = 1.5V 


1.8 2.3 

0.25 0.38 0.52 

V 

V 


Reference Voltage Line 

Regulation 

3VsV| N sV max 

• 

0.03 

%/v 

Av 

Error Amplifier Voltage 

Gain 

0.7V<V C <1.4V 


500 800 2000 

v/v 


Minimum Input Voltage 


• 

2.6 3.0 

V 

•q 

Supply Current 

3V<V, n <V MAX) V c = 0.6V 


6 9 

mA 


Control Pin Threshold 

Duty Cycle = 0 

• 

0.8 0.9 1.08 

0.6 1.25 

V 


Normal/Flyback Threshold 
on Feedback Pin 



0.4 0.45 0.54 

V 

Vfb 

Flyback Reference Voltage 

lFB = 50/iA 

• 

15 16.3 17.6 

14 18 

V 
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LT1070/LT1071 


CUCTRICAl CHRRRCTCRISTICS 

Unless otherwise specified, Vin = 15V, Vc = 0.5V, Vfb = Vrer output pin open. 


SYMBOL 

PARAMETER 

| CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Vfb 

Change in Flyback 

0.05 <I FB < 1mA 



4.5 

6.8 

8.5 

V 


Reference Voltage 









Flyback Reference Voltage 

Ifb = 50/iA 




0.01 

0.03 

%/v 


Line Regulation 

3V<V in <V max 








Flyback Amplifier 

t> 

o 

II 

1+ 

4? 

J> 



150 

300 

500 

/imho 


Transconductance (gm) 









Flyback Amplifier Source 

V C = 1.5V Source 


• 

15 

32 

70 

/iA 


and Sink Current 

Ipb = 50/iA Sink 


• 

25 

40 

70 

/iA 

BV 

Output Switch Breakdown 

3V<V, n <V max LT1070/LT1071 

• 

65 

90 


V 


Voltage 

Isw = 5mA LT1070HV/LT1071HV 

• 

75 

90 


V 

VSAT 

Output Switch (Note 1) 

LT1070 


• 


0.15 

0.24 

Q 


“On” Resistance 

LT1071 


• 


0.3 

0.5 

0 


Control Voltage to Switch 

LT1070 




8 


A/V 


Current T ransconductance 

LT1071 




4 


A/V 

•lim 

Switch Current Limit (LT1070) 

Duty Cycle <50% 

Tj>25°C 

• 

5 


10 

A 



Duty Cycle <50% 

Tj<25°C 

• 

5 


11 

A 



Duty Cycle = 80% (Note 2) 


• 

4 


10 

A 

•UM 

Switch Current Limit (LT1071) 

Duty Cycle <50% 

Tj>25°C 

• 

2.5 


5 

A 



Duty Cycle <50% 

Tj<25°C 

• 

2.5 


5.5 

A 



Duty Cycle = 80% (Note 2) 


• 

2 


5 

A 

aIin 

Supply Current Increase 





25 

35 

mA/A 

Alsw 

During Switch On-Time 








f 

Switching Frequency 




35 

40 

45 

kHz 





• 

33 


47 


DC (max) 

Maximum Switch Duty Cycle 



90 

92 

97 

% 


Flyback Sense Delay Time 



1.5 

/iS 


Shutdown Mode 

3V<V, n <V max 




100 

250 

/iA 


Supply Current 

V c = 0.05 V 








Shutdown Mode 

3V<V, n <V max 



100 

150 

250 

mV 


Threshold Voltage 


i 

• 

50 


300 

mV 


The • denotes the specifications which apply over the full operating Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 

temperature range. switch current is given by l UM = 3.33 (2 - DC) for the LT1070 and l UM = 1 .67 

Note 1 : Measured with V c in hi clamp, V FB = 0.8V. I sw = 4A for LT1070 and (2 ~ DC) f° r th e LT1071 . 

2A for LT1071. 


TYPICAL PCAFORmnnce characteristics 


Switch Current Limit vs Duty Cycle 


Maximum Duty Cycle 



0 10 20 30 40 50 60 70 80 90 100 

DUTY CYCLE (%) 


95 



91 

90 

-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Flyback Blanking Time 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 
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LT1070/LT1071 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Minimum input Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Line Regulation 



Isolated Mode Flyback Reference 
Switch Saturation Voltage Voltage 



0 1 2 3 4 5 6 7 8 

SWITCH CURRENT (A)* 

‘DIVIDE CURRENT BY 2 FOR LT1071 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Reference Voltage vs Temperature 


Feedback Bias Current vs 
Temperature 




-75 -50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) TEMPERATURE (°C) 


Driver Current* vs Switch Current 



0 1 2 3 4 5 

SWITCH CURRENT (A) 

‘AVERAGE LT1070 POWER SUPPLY CURRENT IS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


Supply Current vs Input Voltage* 



‘UNDER VERY LOW OUTPUT CURRENT 
CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


Supply Current vs Supply Voltage 
(Shutdown Mode) 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 
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SWITCH CURRENT (/tA) _ V c PIN VOLTAGE (mV) FEEDBACK PIN VOLTAGE (mV) 


LT1070/LT1071 


TYPICAL PCRFORmnnct CHARACTERISTICS 


Normal/Flyback Mode Threshold 

on Feedback Pin Shutdown Mode Supply Current Error Amplifier Transconductance 



-50 -25 0 25 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 -75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) V c PIN VOLTAGE (mV) TEMPERATURE (°C) 


Idle Supply Current vs 

Shutdown Thresholds Temperature 



-75 -50 -25 0 25 50 75 100 125 150 _75 _50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) TEMPERATURE (°C) 


Feedback Pin Clamp Voltage 



FEEDBACK CURRENT (mA) 



Switch “Off” Characteristics 



0 10 20 30 40 50 60 70 80 90 100 

SWITCH VOLTAGE (V) 


Transconductance of Error 
Vc Pin Characteristics Amplifier 



V c PIN VOLTAGE (V) 


FREQUENCY (Hz) 
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LT1070/LT1071 



LT1070/LT1071 OPCRATIOn 

The LT1070/LT1071 is a current mode switcher. This means 
that switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned “on” at the start of each oscillator cycle. 
It is turned “off” when switch current reaches a predeter- 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
trip level. This technique has several advantages. First, it has 
immediate response to input voltage variations, unlike or- 
dinary switchers which have notoriously poor line transient 
response. Second, it reduces the 90° phase shift at midfre- 
quencies in the energy storage inductor. This greatly sim- 
plifies closed loop frequency compensation under widely 
varying input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide maxi- 
mum switch protection under output overload or short condi- 


tions. A low-dropout internal regulator provides a 2.3V supply 
for all internal circuitry on the LT1070/LT1071. This low- 
dropout design allows input voltage to vary from 3V to 60V 
with virtually no change in device performance. A 40kHz os- 
cillator is the basic clock for all internal timing. It turns “on” 
the output switch via the logic and driver circuitry. Special 
adaptive anti-sat circuitry detects onset of saturation in the 
power switch and adjusts driver current instantaneously to 
limit switch saturation. This minimizes driver dissipation and 
provides very rapid turn-off of the switch. 

A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1070/LT1071 to disconnect the main error amplifier output 
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LT1070/LT1071 


LT1070/LT1071 OP€ftATIOfl 

and connects the output of the flyback amplifier to the com- 
parator input. The LT1070/LT1071 will then regulate the value 
of the flyback pulse with respect to the supply voltage. This 
flyback pulse is directly proportional to output voltage in the 
traditional transformer coupled flyback topology regulator. 
By regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break- 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe- 
cial delay network inside the LT1070/LT1071 ignores the leak- 
age inductance spike at the leading edge of the flyback pulse 
to improve output regulation. 


The error signal developed at the comparator input is brought 
out externally. This pin (Vc) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1070/LT1071 in an idle mode. 
Pulling the Vc pin below 0.15V causes total regulator shut- 
down, with only 50/iA supply current for shutdown circuitry 
biasing. See AN-19 for full application details. 


TVPICAlflPPlICATIOnS (Note that maximum output currents are divided by 2 for LT1071.) 




Negative to Positive Buck-Boost Converter 


External Current Limit 



“PULSE ENGINEERING 92113 
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LT1070/LT1071 


TVPICAl APPUCflTIOftS 


Totally Isolated Converter 


OPTIONAL 
OUTPUT FILTER 




n i 

U 



~16V 

u 

SWITCH VOLTAGE 


l OFF 

*0N 





Vo 

i 

IUT 

1 

+Vf (Vf=DIODE FORWARD VOLTAGE) 

y 

n 

u 

y 

n 

| j SECONDARY VOLTAGE 


t 

N.V, n 


Flyback Converter 




LT1070/LT1071 SWITCH VOLTAGE 
AREA "a” = AREA “b” TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 


AREA "c” = AREA “d” TO MAINTAIN 
ZERO DC VOLTS ACROSS SECONDARY 



PRIMARY CURRENT 


SECONDARY CURRENT 


LT1070 SWITCH CURRENT 


SNUBBER DIODE CURRENT 


J L,_(ipRi)(k) 
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LT1070/LT1071 


typical application 


Positive to Negative Buck-Boost Converter 


I 


D3 1 
1N4001 

W- 


R5 1 

4700,1 W 

— wv— 


V|N 

10-30V 





Vm 

C4 1 
5/xF — 

- 

LT1070 




Gm 

Vc.» 


‘REQUIRED IF INPUT LEADS >2" 
‘‘PULSE ENGINEERING 92113 

f TO AVOID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF D3 TO V| N , 
AND REMOVE R5. Cl MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. Cl »(500mF)(I O ut) 
FOR 5V OUTPUTS, REDUCE R3 
TO 1.5k, INCREASE C2 TO 0.3/iF, 
AND REDUCE R6 TO 1000. 



Voltage Boosted Boost Converter 



Current Boosted Boost Converter 
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LT1070/LT1071 


TYPICAL APPIICATIOAS 

Negative Boost Regulator Driving High Voltage NPN 




Negative Input-Negative Output Flyback Converter 



Forward Converter 

LI 
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LT1070/LT1071 


typical application 

Positive Current Boosted Buck Converter 



PACKAG6 D€SCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


T0-3Type Metal Can (Steel) K Package 


0 320 
(8 128 

-0 350 
-8 890) 

0 760-0 775 
(19 30-19 69)“*” 

A 



' 

1 1 




T 

0 116 
(2 946) 
MAX 

0 420- 
(10 67- 

-0 480 0.038-0 043 

-12 19) (0 965-1.092) ^ 



TO-220 Type Plastic 
T Package 




t JMAX 

e JC 

e JA 

LT1070MK, LT1070HVMK 

150°C 

2°C/W 

35°C/W 

LT1070CK, LT1070HVCK 

100°C 

2°C/W 

35°C/W 

LT1071MK, LT1071HVMK 

150°C 

4°C/W 

35°C/W 

LT1071CK, LT1071HVCK 

100°C 

A°cm 

35°C/W 



t JMAX 

0JC 

0JA 

LT1070CT, LT1070HVCT 

100°C 

2°C/W 

75°C/W 

LT1071CT, LT1071HVCT 

100°C 

4°C/W 

75°C/W 
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LT1072 


F€fiTUR€S 

■ Available in MiniDIP, TO-220, and TO-3 Packages 

■ Wide Input Voltage Range 3V-60V 

■ Low Quiescent Current— 6mA 

■ Internal 1.25A Switch 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Operates in Nearly All Switching Topologies 

■ Shutdown Mode Draws Only 50/tA Supply Current 

■ Flyback-Regulated Mode has Fully Floating Outputs 

■ Can be Externally Synchronized 

APPUCATIOAS 

■ Logic Supply 5V@2.5A 

■ 5V Logic to ± 15V Op Amp Supply 

■ Offline Converter up to 50W 

■ Battery Upconverter 

■ Power Inverter (+ to — )or(— to +) 

■ Fully Floating Multiple Outputs 

■ Driver for High Current Supplies 


USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional description of 
the LT1072. Application circuits are included to show the capability of the LT1072. A complete design 
manual (AN-19) should be obtained to assist in developing new designs. This manual contains a compre- 
hensive discussion of both the LT1070 and the external components used with it, as well as complete 
formulas for calculating the values of these components. The manual can also be used for the LT1072 by 
factoring in the lower switch current rating. 


1.25A High Efficiency 
Switching Regulator 

DCSCRIPTIOn 

The LT1072 is a monolithic high power switching 
regulator. It can be operated In all standard switching 
configurations including buck, boost, flyback, forward, in- 
verting and “Cuk”. A high current, high efficiency switch 
is included on the die along with all oscillator, control, and 
protection circuitry. Integration of all functions allows the 
LT1072 to be built in a standard 5-pin TO-3 or TO-220 power 
package as well as the 8-pin miniDIP. This makes it ex- 
tremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 

The LT1072 operates with supply voltages from 3V 
to 60V, and draws only 6mA quiescent current. It can de- 
liver load power up to 20 watts with no external power de- 
vices. By utilizing current-mode switching techniques, it 
provides excellent AC and DC load and line regulation. 

The LT1072 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 50 /jA typical for standby 
operation. Totally isolated and regulated outputs can be 
generated by using the optional “flyback regulation 
mode” built into the LT1072, without the need for opto- 
couplers or extra transformer windings. 


TVPICAl flPPUCMiOn 

Boost Converter (5V to 12V) 



Maximum Output Power* 



0 10 20 30 40 50 

INPUT VOLTAGE (V) 

‘ROUGH GUIDE ONLY. BUCK MODE P OU t = 1AxVout. 

MINIDIP OUTPUT POWER MAY BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VOLTAGES OR HIGH DUTY CYCLES. 


XTIUS® 
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LT1072 


absolute mnximum ratiags 


PACKAGE/ORDER lAFOAfflATlOA 


Supply Voltage 

LT1072HV (See Note 1) 60V 

LT1072 {See Note 1) 40V 

Switch Output Voltage 

LT1072HV 75V 

LT1072 65V 

Feedback Pin Voltage (Transient, 1ms) ± 15V 

Operating Junction Temperature Range 

LT1072HVM, LT1072M -55°C to +150°C 

LT1072HVC, LT1072C (Oper.) 0°C to +100°C 

LT1072HVC, LT1072C (Sh. Ckt.) . . . 0°C to + 125°C 

Storage Temperature Range — 65°C to + 150°C 

Lead Temperature (Soldering, lOsec) 300°C 


Note 1: Minimum switch “on” time for the LT1072 in current limit is 
*0.7/isec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to MOV. Normal 
(unshorted) conditions are not affected. If the LT1072 is being operated in 
the buck or inverting mode at high input voltages and short circuit 
conditions are expected, a resistor must be placed in series with the 
inductor, as follows: 

The value of the resistor is given by: 

R _ (t) (f) (v IN ) — v f Rl 

•(LIMIT) 


BOTTOM VIEW 


ORDER PART NUMBER 



4 LEAD TO-3 


LT1072HVMK 

LT1072MK 

LT1072HVCK 

LT1072CK 


FRONT VIEW 



LT1072HVCT 

LT1072CT 


5 LEAD T0-220 



TOP VIEW 


gnd[7 

• ^ 

J]E2 

VcE 


ZJvsw 

fb[T 


T|ei 

nc[T 


I]V|N 


LT1072MJ8 

LT1072CJ8 

LT1072CN8 


HERMETIC J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 


t = Minimum “on” time of LT1072 in current limit, «0.7^s 
f = Operating frequency (40kHz) 

Vf = Forward voltage of external catch diode at I (L imit) 
•(limit) = Current limit of LT1072 (2A) 

R l = Internal series resistance of inductor 


€l€CTMCAl CHARACT€RISTICS 

Unless otherwise specified, Vin = 15V, Vq = 0.5V, Vfb = Vref> output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 

V C = 0.8V 

• 

1.224 1.244 1.264 

1.214 1.244 1.274 

V 

•b 

Feedback Input Current 

V FB =V REF 

• 

350 750 

1100 

nA 

gm 

Error Amplifier 

Transconductance 

AIq = ± 25/iA 

• 

3000 4400 6000 

2400 7000 

n mho 


Error Amplifier Source or 

Sink Current 

V c = 1.5 V 

• 

150 200 350 

120 400 

/lA 

/•A 


Error Amplifier Clamp 

Voltage 

Hi Clamp, V FB = IV 

LoClamp, V fb =1.5V 


1.8 2.3 

0.25 0.38 0.52 

V 

V 


Reference Voltage Line 

Regulation 

3VsV in <V max 

V c = 0.8V 

• 

0.03 

%/v 

A V 

Error Amplifier Voltage 

Gain 

0.9V <V C < 1.4 V 


500 800 2000 

v/v 


Minimum Input Voltage 


• 

2.6 3.0 

V 

•q 

Supply Current 

3V<V in <V max ,V c = 0.6V 


6 9 

mA 


Control Pin Threshold 

Duty Cycle = 0 

• 

0.8 0.9 1.08 

0.6 1.25 

V 


Normal/Flyback Threshold 
on Feedback Pin 



0.4 0.45 0.54 

V 
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LT1072 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, V^ = 15V, Vc = 0.5V, Vfb = Vref, output pin open. 


SYMBOL 

PARAMETER 

f CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Vfb 

Flyback Reference Voltage 

Ifb = 50/iA 


15 

16.3 

17.6 

V 




• 

14 


18 



Change in Flyback 

0.05 <I FB < 1mA 


4.5 

6.8 

8.5 

V 


Reference Voltage 








Flyback Reference Voltage 

I F b = 50/iA 



0.01 

0.03 

%/v 


Line Regulation 

3V<V IN <V MAX 







Flyback Amplifier 

Al c = ± 10/iA 


150 

300 

500 

/imho 


Transconductance (gm) 








Flyback Amplifier Source 

V C =0.6V Source 

• 

15 

32 

70 

mA 


and Sink Current 

I fb = 50/jA Sink 

• 

25 

40 

70 

/iA 

BV 

Output Switch Breakdown 

3V<V, n sV max LT1072 

• 

65 

90 


V 


Voltage 

l sw = 5mA LT1072HV 

• 

75 

90 


V 

VSAT 

Output Switch (Note 1) 

l sw = 1-25A 

• 


0.6 

1 

fi 


“On” Resistance 








Control Voltage to Switch 




2 


A/V 


Current Transconductance 







■lim 

Switch Current Limit 

Duty Cycle <50% Tj>25°C 

• 

1.25 


3 

A 



Duty Cycle <50% Tj<25°C 

• 

1.25 


3.5 

A 



Duty Cycle = 80% (Note 2) 

• 

1 


2.5 

A 

AIin 

Supply Current Increase 




25 

35 

mA/A 

Alsw 

During Switch On-Time 


1 





f 

Switching Frequency 


1 

35 

40 

45 

kHz 




• 

33 


47 


DC (max) 

Maximum Switch Duty Cycle 

i 


90 

92 

97 

% 


Flyback Sense Delay Time 

1 

1 


| 1.5 

MS 


Shutdown Mode 

3V<V IN <V MAX 



100 

250 

fA 


Supply Current 

V c = 0.05V 







Shutdown Mode 

3V<V| N <V max 


100 

150 

250 

mV 


Threshold Voltage 

! 

• 

50 


300 

mV 


The • denotes the specifications which apply over the full operating Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 

temperature range. switch current is given by l UM = 0.833 (2 - DC). 

Note 1: Measured with V c in hi clamp, V F b = 0.8V. 


TYPICAL P€RFORfflAAC€ CHARACTERISTICS 


Switch Current Limit vs Duty Cycle Maximum Duty Cycle 



0 10 20 30 40 50 60 70 80 90 100 

DUTY CYCLE (%) 



—.75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Flyback Blanking Time 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 
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□"1072 


TYPICAL P€AFORmnnC€ CHARACT6RISTICS 


Minimum Input Voltage 


Switch Saturation Voltage 


Isolated Mode Flyback Reference 
Voltage 




-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 













F 

FEED 

IACK = 

: 5001 










— 1 

— 

— i 

■ — 





r 

= 1kf 




_ 


l — 1 

" FEEDBACK 
























1 F 

FEEDBACK = 

= 10kfi 

1 


— 

- 

— 

















Line Regulation 


0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 

SWITCH CURRENT (A) 

Reference Voltage and Switching 
Frequency vs Temperature 


-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

Feedback Bias Current vs 
Temperature 




Driver Current* vs Switch Current 


Supply Current vs Input Voltage* 


-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

Supply Current vs Supply Voltage 
(Shutdown Mode) 



15 

14 

13 

t 12 

z 11 

LU 

cc 

10 

0 

£ 9 

1 8 

7 

6 

5 


Tj = 25°C 





NOTE THAT TH 
-INCLUDE DRIV 
A FUNCTION 0 

IS CURR 
ERCURR 
FLOAD 

ENT DOE 
ENT, WH 
DURREN 

SNOT 
ICH IS- 
rAND 


DUTY( 

;ycle. 


90 

% DUTY 

CYCLE_ 

— - 





■ 





50 

1 1 
o/„ niiTV 

’ rvn c 





1 

- 


~ 

10 

% DUTY CYCLE 

— 






— 




0% DUTY CYCLE 
1 1 



0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

SWITCH CURRENT (A) 

‘AVERAGE LT 1 072 POWER SUPPLY CURRENT IS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


10 


50 


20 30 40 

INPUT VOLTAGE (V) 

‘UNDER VERY LOW OUTPUT CURRENT 
CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


10 20 30 40 50 

SUPPLY VOLTAGE (V) 
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SWITCH CURRENT (/*A) _ V c PIN VOLTAGE (mV) FEEDBACK PIN VOLTAGE (mV) 


LT1072 


TYPICAL P€RFORfl)ARC€ CHARRCT6RISTICS 


Normal/Flyback Mode Threshold 

on Feedback Pin Shutdown Mode Supply Current Error Amplifier Transconductance 

500 
490 
480 
470 
460 
450 
440 
430 
420 
410 
400 

-50 -25 0 25 50 75 100 125 150 0 10 20 30 40 50 60 70 80 90 100 -75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) V c PIN VOLTAGE (mV) TEMPERATURE (°C) 



Shutdown Thresholds 


Idle Supply Current vs 

Temperature Feedback Pin Clamp Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 




Transconductance of Error 

Switch “Off” Characteristics Vc Pin Characteristics Amplifier 



0 10 20 30 40 50 60 70 80 90 100 0 0.5 1 0 1.5 2.0 2.5 1 k 10k 100k 1M 10 m 


SWITCH VOLTAGE (V) V c PIN VOLTAGE (V) FREQUENCY (Hz) 
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LT1072 OPCRRTIOn 

The LT1072 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia- 
gram, the switch is turned “on” at the start of each oscilla- 
tor cycle. It is turned “off” when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan- 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it reduces the 
90° phase shift at midfrequencies in the energy storage in- 
ductor. This greatly simplifies closed loop frequency com- 
pensation under widely varying input voltage or output 
load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3V supply for all internal cir- 


cuitry on the LT1072. This low-dropout design allows input 
voltage to vary from 3 V to 60V with virtually no change in 
device performance. A 40kHz oscillator Is the basic clock 
for all internal timing. It turns “on” the output switch via 
the logic and driver circuitry. Special adaptive antisat cir- 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 

A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1072 to disconnect the main error amplifier output and con- 
nects the output of the flyback amplifier to the comparator in- 
put. The LT1072 will then regulate the value of the flyback 
pulse with respect to the supply voltage. This flyback pulse is 
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LT1072 


LT1072 OP€RnTIOn 

directly proportional to output voltage in the traditional trans- 
former coupled flyback topology regulator. By regulating the 
amplitude of the flyback pulse, the output voltage can be 
regulated with no direct connection between input and out- 
put. The output is fully floating up to the breakdown voltage 
of the transformer windings. Multiple floating outputs are 
easily obtained with additional windings. A special delay net- 
work inside the LT1072 ignores the leakage inductance spike 
at the leading edge of the flyback pulse to improve output 
regulation. 

The error signal developed at the comparator input is brought 
out externally. This pin (Vc) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1072 in an idle mode. Pulling 
the Vc pin below 0.15V causes total regulator shutdown, with 
only 50/iA supply current for shutdown circuitry biasing. See 
AN-19 for full application details. 

Extra Pins on the MiniDIP Package 

The miniDIP LT1072 has the emitters of the power transis- 
tor brought out separately from the ground pin. This elim- 
inates errors due to ground pin voltage drops and allows 
the user to reduce switch current limit 2:1 by leaving the 
second emitter (E2) disconnected. The first emitter (El) 
should always be connected to the ground pin. Note that 
switch “on” resistance doubles when E2 is left open, so 
efficiency will suffer somewhat when switch currents ex- 
ceed 100mA. Also, note that chip dissipation will actually 
increase with E2 open during normal load operation, even 
though dissipation in current limit mode will decrease. 
See “Thermal Considerations.” 

Thermal Considerations When Using the MiniDIP Package 

The low supply current and high switch efficiency of the 
LT1072 allow it to be used without a heat sink in most ap- 
plications when the TO-220 or TO-3 package is selected. 


These packages are rated at 50°C/W and 35°C/W respec- 
tively. The miniDIPs, however, are rated at 100°C/W in ce- 
ramic (J) and 130°/W in plastic (N). 

Care should be taken for miniDIP applications to ensure 
that the worst case input voltage and load current condi- 
tions do not cause excessive die temperatures. The follow- 
ing formulas can be used as a rough guide to calculate 
LT1072 power dissipation. For more details, the reader 
is referred to Application Note 19 (AN-19), “Efficiency 
Calculations” section. 

Average supply current (including driver current) is: 

IlN ® 6mA + lsw(0.004 + DC/40) 

| S w = switch current 
DC = switch duty cycle 

Switch power dissipation is given by: 

Psw=(lsw) 2 , Rsw*DC 

Rsw = LT 1072 switch “on” resistance (10 maximum) 

Total power dissipation is the sum of supply current times 
input voltage plus switch power: 

PtOT = (i|N)(V|N) + Psw 

In a typical example, using a boost convertor to generate 
+ 12V@0.12A from a +5V input, duty cycle is approxi- 
mately 60%, and switch current is about 0.65A, yielding: 

liN = 6mA + 0.65(0.004 + DC/40) = 18mA 

Psw = (0.65) 2 • in • (0.6) = 0.25W 

Ptot = (5V)(0.018A) + 0.25 = 0.34W 

Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi- 
ent temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 

In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1072 will 
protect the die in most applications by shutting off switch 
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LT1072 OPCAATIOA 

current. Thermal limit is not a tested parameter, however, 
and should be considered only for non-critical applica- 
tions with temporary overloads. A second approach is to 
use the larger TO-220 (7] or TO-3 (K) package which, even 
without a heat sink, may limit die temperatures to safe lev- 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over- 
load conditions must be tolerated for extended periods of 
time. 

The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch “on” resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 reduc- 
tion in l 2 R switch dissipation under current limit 
conditions. 

The fourth approach is to clamp the Vc pin to a voltage 
less than its internal clamp level of 2V. The LT1070 switch 
current limit is zero at approximately IV on the Vc pin and 
2A at 2V on the Vc pin. Peak switch current can be ex- 
ternally clamped between these two levels with a diode. 
See AN-19 for details. 


LT1072 Synchronizing 

The LT1072 can be externally synchronized in the fre- 
quency range of 48kHz to 70kHz. This is accomplished as 


shown in the accompanying figures. Synchronizing occurs 
when the Vc pin is pulled to ground with an external tran- 
sistor. To avoid disturbing the DC characteristics of the in- 
ternal error amplifier, the width of the synchronizing pulse 
should be under Vs. C2 sets the pulse width at » 0.35/js. 
The effect of a synchronizing pulse on the LT1072 ampli- 
fier offset can be calculated from: 

ic 

^=26mV@25°C 

ts= pulse width 

fs= pulse frequency 

Ic = LT1072 Vc source current (*200/tA) 

Vc = LT1072 operating Vc voltage (1 V-2V) 

R3 = resistor used to set mid-frequency “zero” in LT1072 
frequency compensation network. 

With t s =0.35(is, f s = 50kHz, V C =1.5V, and R3=2K8, off- 
set voltage shift is «2.2mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Vc pin to within 200mV of ground 
to ensure synchronizing. 


Synchronizing with Bipolar Transistor 



nr 

FROM 5V 
LOGIC 


Synchronizing with MOS Transistor 
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LT1072 


TYPICAL APPLICATION 


Totally Isolated Converter 


OPTIONAL 
OUTPUT FILTER 




n i 

n 



= 1*6V 

♦ 


SWITCH VOLTAGE 


tOFF 

tQN 





Vqut +V { (V t = DIODE FORWARD VOLTAGE) 


SECONDARY VOLTAGE 


N*V, N 



Flyback Converter 



VlN- 

ov- 


VSNUB 

.-L 


CLAMP TURN-ON 
SPIKE 

L 


'JlE 

ii 


I { — — PRIMARY FLYBACK VOLTAGE = 
LT1072 SWITCH VOLTAGE 


Vqut ± v f 
N 


Vqut + Vf 



H 


m 

N • V| N 

— 

JL 

H 

1 PRI 

ft 


AREA “a” = AREA "b” TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 

SECONDARY VOLTAGE 

AREA “C” = AREA “d” TO MAINTAIN 

ZERO DC VOLTS ACROSS SECONDARY 


PRIMARY CURRENT 


7VTtD 


SECONDARY CURRENT 



LT1070 SWITCH CURRENT 


SNUBBER DIODE CURRENT 
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TYPICAL APPLICATION 

Negative to Positive Buck-Boost Converter External Current Limit 



Positive to Negative Buck-Boost Converter 


External Current Limit 


i 


1N4001 

W- 


R5 1 

470QJW 




% 

Vsw 

C4± 
5/iF — 

- 

LT1072 




GWD 

v c « 


_ V IN 

10-30V 


* REQUIRED IF INPUT LEADS s 2 " 

** PULSE ENGINEERING 92113 

f TO AVOID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF D3 TO V| N , 
AND REMOVE R5. Cl MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. Cl ==(500mF)(I 0U t). 
FOR 5V OUTPUTS, REDUCE R3 
TO 1.5k, INCREASE C2T0 0.3/*F, 
AND REDUCE R6T0 1000. 




Voltage Boosted Boost Converter 



Driving High Voltage FET 
(for Offline Applications, See AN-25) 
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TYPICAL APPLICATIONS 


Negative Buck Converter 



‘REQUIRED IF INPUT LEADS >2" 
“PULSE ENGINEERING 52626 


Positive Buck Converter 



Negative Boost Regulator 
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PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8 Lead Hermetic DIP 



T jMAX 

e jA 

150°C 

100°C/W 


Based on continuous operation. 


N Package 
8 Lead Molded DIP 



T jMAX 

0 jA 

100°C* 

130°C/W 


Based on continuous operation. 
*Tj MA x = 125°C for intermittent 
fault conditions. 


TO-3 Type Metal Can (Steel) K Package 

0.760-0.775 


TO-220 Type Plastic T Package 




TjMAX 

0jC 

0jA 

LT1072MK, LT1072HVMK 

150°C 

8°C/W 

35°C/W 

LT1072CK, LT1072HVCK 

100°C* 

8°C/W 

35°C/W 



TjMAX 

9 jC 

e jA 

LT1072CT, LT1072HVCT 

100°C* 

8°C/W 

75°C/W 


Based on continuous operation. 


Based on continuous operation. 

*IjMAX = 125°C for intermittent fault conditions. 


1 jMAX : 


= 125°C for intermittent fault conditions. 


5-60 


rrunm 

TECHNOLOGY 









/rurm 

TECHNOLOGY 


LT1170/LT1171 


F€ATUA€S 

■ Wide Input Voltage Range 3V-40V 

■ Low Quiescent Current— 6mA 

■ Internal 5A Switch (2.5A for LT 1171) 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Operates in Nearly All Switching Topologies 

■ Shutdown Mode Draws Only 50(iA Supply Current 

■ Flyback-Regulated Mode has Fully Floating Outputs 

■ Comes in Standard 5-Pin Packages 

■ Can be Externally Synchronized 

APPLICATIOAS 

■ Logic Supply5V @ 10A 

■ 5 V Logic to + 15V Op Amp Supply 

■ Offline Converter up to 200W 

■ Battery Upconverter 

■ Power Inverter (+ to — ) or ( — to +) 

■ Fully Floating Multiple Outputs 

■ For Lower Current Applications see LT1 172 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional description of 
the LT1170/LT1171. Application circuits are included to show the capability of the LT1170/LT1171. A com- 
plete design manual (AN-19) should be obtained to assist in developing new designs. This manual con- 
tains a comprehensive discussion of both the LT1070 and the external components used with it, as well as 
complete formulas for calculating the values of these components. The manual can also be used for the 
LT1170 and LT1171 by factoring in the higher frequency. A second application note, AN-25, which details 
off-line applications is available. 


5A and 2.5A High Efficiency 
100kHz Switching Regulators 

DCSCAIPTIOA 

The LT1170 and LT1171 are monolithic high power switch- 
ing regulators. They can be operated in all standard 
switching configurations including buck, boost, flyback, 
forward, inverting and “Cuk”. A high current, high effi- 
ciency switch is included on the die along with all oscilla- 
tor, control, and protection circuitry. Integration of all 
functions allows the LT1170/LT1171 to be built in a stand- 
ard 5-pin TO-3 or TO-220 power package. This makes them 
extremely easy to use and provides “bust proof” operation 
similar to that obtained with 3-pin linear regulators. 

The LT1170/LT1171 operates with supply voltages from 3 V 
to 40V, and draws only 6mA quiescent current. It can de- 
liver load power up to 100 watts with no external power de- 
vices. By utilizing current-mode switching techniques, it 
provides excellent AC and DC load and line regulation. 

The LT1170/LT1171 has many unique features not found 
even on the vastly more difficult to use low power control 
chips presently available. It uses adaptive anti-sat switch 
drive to allow very wide ranging load currents with no loss 
in efficiency. An externally activated shutdown mode re- 
duces total supply current to 50/»A typical for standby 
operation. 


TYPICAL APPUCATIOA 




O 10 20 30 40 50 


INPUT VOLTAGE (V) 

* ROUGH GUIDE ONLY. BUCK MODE 
Rb UT =5AxV 0U T- SPECIAL TOPOLOGIES 
DELIVER MORE POWER. 

-DIVIDE VERTICAL POWER SCALE 
BY TWO FOR LT1171 
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LT1170/LT1171 


absolute maximum ratmgs 


Supply Voltage 

LT1170/71 (See Note 1) 40V 

Switch Output Voltage 

LT1 170/71 65V 

Feedback Pin Voltage (Transient, 1ms) ± 15V 

Operating Junction Temperature Range 

LT1170/71M — 55°C to + 150°C 

LT11 70/71 C (Oper.) 0°Cto+100°C 

LT1170/71C (Sh. Ckt.) 0°Cto + 125°C 

Storage Temperature Range — 65°Cto +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note 1: Minimum effective switch “on” time for the LT1170/71 (in current 
limit only) is «0.6/iS. This limits the maximum safe input voltage during an 
output shorted condition. Buck mode and inverting mode input voltage is 
limited to: 

V )N (max, output shorted) = 1 5V + R * — Vf 
buck and inverting mode * * * 

R = Inductor DC Resistance 

1 L = 10A for LT1170 and 5A for LT1171 

Vf = Output Catch Diode Forward Voltage at l L 

t = 0.6ns, f = 100kHz Switching Frequency 


PACKAGE/ORDER MFORfflATlOA 



Maximum input voltage can be increased by increasing R or Vf. 

Transformer designs will tolerate much higher input voltages because 
leakage inductance limits rate of rise of current in the switch. These 
designs must be evaluated individually to assure that current limit is well 
controlled up to maximum input voltage. 

Boost mode designs are never protected against output shorts because the 
external catch diode and inductor connect input to output. 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vin = 15V, Vc = 0.5V, Vfb = Vref, output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 
V C =0.8V 

• 

1.224 1.244 1.264 

1.214 1.244 1.274 

V 

•b 

Feedback Input Current 

Vfb = Vref 

• 

350 750 

1100 

nA 

gm 

Error Amplifier 

Transconductance 

AIq= ±25^A 

• 

3000 4400 6000 

2400 7000 

f imho 


Error Amplifier Source or 

Sink Current 

V C = 1.5V 

• 

150 200 350 

120 400 

#*A 

/iA 


Error Amplifier Clamp 

Voltage 

HiClamp, V FB = 1V 

Lo Clamp, V FB = 1.5V 


1.8 2.3 

0.25 0.38 0.52 

V 

V 


Reference Voltage Line 

Regulation 

3VsV, n <V max 

V C =0.8V 

• 

0.03 

%/v 

A v 

Error Amplifier Voltage 

Gain 

0.9V <V C < 1.4V 


500 800 2000 

v/v 


Minimum Input Voltage 


• 

2.6 3.0 

V 

■q 

Supply Current 

3V<V in <V max ,V c = 0.6V 


6 9 

mA 


Control Pin Threshold 

Duty Cycle = 0 

• 

0.8 0.9 1.08 

0.6 1.25 

V 
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LT1170/LT1171 


CLCCTRICRL CHRRRCTCRISTICS 

Unless otheiwise specified, Vin = 15V, Vc = 0.5V, Vfb = Vref, output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS ! 

MIN 

TYP 

MAX 

UNITS 

BV 

Output Switch Breakdown 

3V<V, n <V max LT1170, LT1171 | 

• 

65 

90 


V 


Voltage 

Isw = 5mA 






V S AT 

Output Switch (Note 1) 

LT 1170 

• 


0.15 

0.24 

Q 


“On” Resistance 

LT1171 

• 


0.3 

0.5 

Q 


Control Voltage to Switch 

LT 1170 



8 


A/V 


Current Transconductance 

LT1171 



4 


A/V 

■lim 

Switch Current Limit (LT1 170) 

Duty Cycle = 50% Tj>25°C 

• 

5 


10 

A 



Duty Cycle = 50% Tj<25°C 

• 

5 


11 

A 



Duty Cycle = 80% (Note 2) 

• 

4 


10 

A 

•lim 

Switch Current Limit (LT 1171) 

Duty Cycle = 50% Tj>25°C 

• 

2.5 


5 

A 



Duty Cycle = 50% Tj<25°C 

• 

2.5 


5.5 

A 



Duty Cycle = 80% (Note 2) 

• 

2 


5 

A 

A(in_ 

Supply Current Increase 




25 

35 

mA/A 

Alsw 

During Switch On-Time 







f 

Switching Frequency 



88 

100 

112 

kHz 




• 

85 


115 

kHz 

DC (max) 

Maximum Switch Duty Cycle 



80 

90 

95 

% 


Shutdown Mode 

3V<V, n <V max 



100 

250 

PA 


Supply Current 

V c = 0.05 V 







Shutdown Mode 

3VsV, n <V max 


100 

150 

250 

mV 


Threshold Voltage 


• 

50 


300 

mV 


The • denotes the specifications which apply over the full operating Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 

temperature range. switch current is given by l UM = 3.33 (2 - DC) for the LT1 170 and l UM = 1 .67 

Note 1 : Measured with V c in hi clamp, V FB = 0.8V. I sw = 4A for LT1 1 70 and ( 2 - DC) for the LT1 1 71 . 

2A for LT1171. 


TYPICAL PERFORfflAACE CHARACTERISTICS 


Switch Current Limit vs Duty Cycle* 



0 10 20 30 40 50 60 70 80 90 100 

DUTY CYCLE (%) 

•DIVIDE VERTICAL SCALE BY 
TWO FOR LT1171 


XT UES 
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RENCE VOLTAGE (V) 


LT1170/LT1171 


typical PCRFoiwnnnce characteristics 


Minimum Input Voltage 



-75 -50 —25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Reference Voltage vs Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Driver Current* vs Switch Current 



0 1 2 3 4 5 

SWITCH CURRENT (A) 

‘AVERAGE LT1170 POWER SUPPLY CURRENT IS 
FOUND BY MULTIPLYING DRIVER CURRENT BY 
DUTY CYCLE, THEN ADDING QUIESCENT 
CURRENT. 


Switch Saturation Voltage 



0 1 2 3 4 5 6 7 8 

SWITCH CURRENT (A)* 

‘DIVIDE CURRENT BY 2 FOR LT1171 


Feedback Bias Current vs 
Temperature 



-75-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Supply Current vs Input Voltage* 



INPUT VOLTAGE (V) 

‘UNDER VERY LOW OUTPUT CURRENT 
CONDITIONS, DUTY CYCLE FOR MOST 
CIRCUITS WILL APPROACH 10% OR LESS. 


Line Regulation 



0 10 20 30 40 50 60 

INPUT VOLTAGE (V) 


Supply Current vs Supply Voltage 
(Shutdown Mode) 



0 10 20 30 40 50 60 


SUPPLY VOLTAGE (V) 


Shutdown Mode Supply Current 



0 10 20 30 40 50 60 70 80 90 100 

V c PIN VOLTAGE (mV) 
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LT1170/LT1171 


TVPKflL PCAFOMIIRACC CHRRHCTCRtSTICS 

Idle Supply Current vs 

Error Amplifier Transconductance Shutdown Thresholds Temperature 



TEMPERATURE (°C) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


Feedback Pin Clamp Voltage Switch “Off” Characteristics Vc Pin Characteristics 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 10 20 30 40 50 60 70 80 90 100 0 0.5 1.0 1.5 2.0 2.5 


FEEDBACK CURRENT (mA) SWITCH VOLTAGE (V) V c PIN VOLTAGE (V) 


Transconductance of Error 
Amplifier 



FREQUENCY (Hz) 
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LT1170/LT1171 


BLOCK DIAGRAffl* 


SWITCH 



FLYBACK CIRCUITRY IS NOT SPECIFIED FOR 100kHz OPERATION. 


LT1170/LT1171 OPCRflTIOn 

The LT1170/LT1171 is a current mode switcher. This means 
that switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned “on” at the start of each oscillator cycle. 
It is turned “off” when switch current reaches a predeter- 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
trip level. This technique has several advantages. First, it has 
immediate response to input voltage variations, unlike or- 
dinary switchers which have notoriously poor line transient 
response. Second, it reduces the 90° phase shift at midfre- 
quencies in the energy storage inductor. This greatly sim- 
plifies closed loop frequency compensation under widely 
varying input voltage or output load conditions. Finally, it 
allows simple pulse-by-pulse current limiting to provide maxi- 
mum switch protection under output overload or short condi- 


tions. A low-dropout internal regulator provides a 2.3 V supply 
for all internal circuitry on the LT1170/LT1171. This low- 
dropout design allows input voltage to vary from 3V to 60V 
with virtually no change in device performance. A 100kHz os- 
cillator is the basic clock for all internal timing. It turns “on” 
the output switch via the logic and driver circuitry. Special 
adaptive anti-sat circuitry detects onset of saturation in the 
power switch and adjusts driver current instantaneously to 
limit switch saturation. This minimizes driver dissipation and 
provides very rapid turn-off of the switch. 

A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1170/LT1171 to disconnect the main error amplifier output 
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LT1170/LT1171 


LT1170/LT1171 OPCRATIOn 

and connects the output of the flyback amplifier to the com- 
parator input. The LT1170/LT1171 will then regulate the value 
of the flyback pulse with respect to the supply voltage*. This 
flyback pulse is directly proportional to output voltage in the 
traditional transformer coupled flyback topology regulator. 
By regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break- 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe- 
cial delay network inside the LT1170/LT1171 ignores the leak- 
age inductance spike at the leading edge of the flyback pulse 
to improve output regulation. 

‘See note under block diagram. 


The error signal developed at the comparator input is brought 
out externally. This pin (V c) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1170/LT1171 in an idle mode. 
Pulling the Vc pin below 0.15V causes total regulator shut- 
down, with only 50*iA supply current for shutdown circuitry 
biasing. See AN-19 for full application details. 



u\sm 
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LT1170/LT1171 


TVPKM. RPPUCATIOAS 


Flyback Converter 



‘REQUIRED IF INPUT LEADS >2" 


CLAMP TURN-ON 




SECONDARY CURRENT 


LT1170 SWITCH CURRENT 


SNUBBER DIODE CURRENT 
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LT1170/LT1171 


TYPICAL APPUCATIOAS 


Positive to Negative Buck-Boost Converter 


D3 1 
1N4001 


I* 


C4 . 
VF- 


R5 

470ft, 1W 

— vw 



V|fj 

Vsw 


LT117Q 


GND 

Vc FB 


SR3 

f5k 

— 1 — C2 

XSl 




C5 

100/iF* 


R1 

10.7k 


X 


V|N. 

10-30V 


D2 

1N914 


R4 

47ft 


‘REQUIRED IF INPUT LEADS >2" 
“PULSE ENGINEERING 92114 

f TO AVOID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODE OF D3 TO V| N , 
AND REMOVE R5. Cl MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. Cl *(500/*F)(I 0 U t). 
FOR 5V OUTPUTS, REDUCE R3 
TO 1.5k, INCREASE C2 TO 0.3/tF, 
AND REDUCE R6T0 1000. 


WVW 


;r2 — 

1C3 i 

►1.24k “ 

— 2#*F 


D1 


— -L* - ... 





LI** 

50/tH 


Voltage Boosted Boost Converter 



Current Boosted Boost Converter 



XTUQS® 
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LT1170/LT1171 


TYPICAL APPUCATIOAS 

Negative Buck Converter 



‘REQUIRED IF INPUT LEADS >2 
“PULSE ENGINEERING 92114 


Negative Current Boosted Buck Converter 



Positive Buck Converter 
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LT1170/LT1171 


TYPICAL APPLICATION 


Negative Boost Regulator Driving High Voltage NPN 


Cl 




Negative Input-Negative Output Flyback Converter 



Forward Converter 

LI 



XTIH6B 
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LT1170/LT1171 



PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


TO-3 Type Metal Can (Steel) K Package TO-220 l Type Plastic 

T Package 
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TECHNOLOGY 


LT1172 


FCATURCS 

■ Available in MiniDIP, TO-220, and TO-3 Packages 

■ Wide Input Voltage Range 3V-60V 

■ Low Quiescent Current— 6mA 

■ Internal 1.25A Switch 

■ Very Few External Parts Required 

■ Self-Protected Against Overloads 

■ Operates in Nearly All Switching Topologies 

■ Shutdown Mode Draws Only 50/iA Supply Current 

■ Comes in Standard 5-Pin Packages 

■ Can be Externally Synchronized 

APPLICATORS 

■ Logic Supply 5V @ 2.5A 

■ 5V Logic to ± 15V Op Amp Supply 

■ Offline Converter up to 50W 

■ Battery Upconverter 

■ Power Inverter (+ to — )or(— to +) 

■ Fully Floating Multiple Outputs 

■ Driver for High Current Supplies 

USER NOTE: 

This data sheet is only intended to provide specifications, graphs, and a general functional description of 
the LT1172. Application circuits are included to show the capability of the LT1172. A complete design 
manual (AN-19) should be obtained to assist in developing new designs. This manual contains a compre- 
hensive discussion of both the LT1070 and the external components used with it, as well as complete 
formulas for calculating the values of these components. The manual can also be used for the LT1172 by 
factoring in the lower switch current rating, and higher frequency. 


1.25A High Efficiency 
100kHz Switching Regulator 

DCSCRIPTIOR 

The LT1172 is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including buck, boost, flyback, forward, inverting and 
“Cuk”. A high current, high efficiency switch is included 
on the die along with all oscillator, control, and protection 
circuitry. Integration of all functions allows the LT1172 to 
be built in a standard 5-pin TO-3 or TO-220 power package 
as well as the 8-pin miniDIP. This makes it extremely easy 
to use and provides “bust proof” operation similar to that 
obtained with 3-pin linear regulators. 

The LT1172 operates with supply voltages from 3V to 60V, 
and draws only 6mA quiescent current. It can deliver load 
power up to 20 watts with no external power devices. By 
utilizing current-mode switching techniques, it provides 
excellent AC and DC load and line regulation. 

The LT1172 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re- 
duces total supply current to 50/tA typical for standby 
operation. 


TYPICAL APPLICATIOR 

Boost Converter (5V to 12V) 




0 10 20 30 40 50 

INPUT VOLTAGE (V) 


•ROUGH GUIDE ONLY. BUCK MODE P 0UT = 1AxV 0 ut. 

MINIDIP OUTPUT POWER MAY BE LIMITED BY PACKAGE TEMPERATURE RISE AT HIGH INPUT 
VOLTAGES OR HIGH DUTY CYCLES. 


XTUQ51 
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LT1172 


ABSOLUTE fflAXIfflUffl RATMGS 


PACKAG€/ORD€R lAFOAfflATlOA 


Supply Voltage 

LT1172HV (See Note 1) 60V 

LT1172 (See Note 1) 40V 

Switch Output Voltage 

LT1172HV 75V 

LT1172 65V 

Feedback Pin Voltage (Transient, 1ms) ± 15V 

Operating Junction Temperature Range 

LT1172HVM, LT1172M - 55°C to +150°C 

LT1172HVC, LT1172C (Oper.) 0°C to + 100°C 

LT1172HVC, LT1172C (Sh. Ckt.) 0°C to + 125°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, lOsec) 300°C 


Note 1: Minimum switch “on” time for the LT1172 in current limit is 
«0.6/*sec. This limits the maximum input voltage during short circuit 
conditions, in the buck and inverting modes only, to »25V. Normal 
(unshorted) conditions are not affected. If the LT1172 is being operated in 
the buck or inverting mode at high input voltages and short circuit 
conditions are expected, a resistor must be placed in series with the 
inductor, as follows: 

The value of the resistor is given by: 

R _ (t)(f)(V| N )-v f Rl 

•(LIMIT) 


BOTTOM VIEW 



K PACKAGE 

4 LEAD TO-3 METAL CAN 


ORDER PART NUMBER 


LT1172HVMK 

LT1172MK 

LT1172HVCK 

LT1172CK 


FRONT VIEW 



LT1172HVCT 

LT1172CT 


T PACKAGE 


5 LEAD T0-220 


TOP VIEW 


gnd[T 

• ^ 

][]E2 

VcE 


I] Vsw 

fb|T 


6] El 

nc[7 


I]V,N 


LT1172MJ8 

LT1172CJ8 

LT1172CN8 


J PACKAGE N PACKAGE 

8 LEAD CERAMIC DIP 8 LEAD PLASTIC DIP 


t = Minimum “on” time of LT1172 in current limit, »0.6/is 
f = Operating frequency (100kHz) 

Vf = Forward voltage of external catch diode at \i MJ) 
•(limit) = Current limit of LT1172 (2A) 

R l = Internal series resistance of inductor 


€l€CTRICAl CHARACTERISTICS 

Unless otherwise specified, Vin = 15V, Vc = 0.5V, Vfb = Vref> output pin open. 


SYMBOL 

PARAMETER 

CONDITIONS | 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

Measured at Feedback Pin 

V C = 0.8V 

• 

1.224 1.244 1.264 

1.214 1.244 1.274 

V 

•b 

Feedback Input Current 

V FB = V REF 

• 

350 750 

1100 

nA 

gm 

Error Amplifier 

Transconductance 

AIq= ±25/iA 

• 

3000 4400 6000 

2400 7000 

/imho 


Error Amplifier Source or 

Sink Current 

V c = 1.5V 

• 

150 200 350 

120 400 

/iA 

rA 


Error Amplifier Clamp 

Voltage 

Hi Clamp, V FB = IV 

Lo Clamp, V FB = 1.5V 


1.8 2.3 

0.25 0.38 0.52 

V 

V 


Reference Voltage Line 

Regulation 

3V£V in <V max 

V C =0.8V 

• 

0.03 

%/v 

Av 

Error Amplifier Voltage 

Gain 

0.9V <V C < 1.4V 


500 800 2000 

v/v 


Minimum Input Voltage 


• 

2.6 3.0 

V 

■q 

Supply Current 

3V<V in <V M ax,Vc=0.6V 


6 9 

mA 


Control Pin Threshold 

Duty Cycle = 0 

• 

0.8 0.9 1.08 

0.6 1.25 

V 
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m 172 


ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vin = 15V, Vc = 0.5V, Vfb = Vref> output pin open. 


SYMBOL 

PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

BV 

Output Switch Breakdown 

3V<V, n <V max LT1172 

• 

65 

90 


V 


Voltage 

l sw = 5mA LT1172HV 

• 

75 

90 


V 

V SAT 

Output Switch (Note 1) 


• 


0.6 

1 

Q 


“On” Resistance 








Control Voltage to Switch 




2 


A/V 


Current Transconductance 







•UM 

Switch Current Limit 

Duty Cycle = 50% Tj>25°C 

• 

1.25 


3 

A 



Duty Cycle =50% Tj<25°C 

• 

1.25 


3.5 

A 



Duty Cycle = 80% (Note 2) 

• 

1 


2.5 

A 

Min 

Supply Current Increase 




25 

35 

mA/A 

Alsw 

During Switch On-Time 







f 

Switching Frequency 



88 

100 

112 

kHz 




• 

85 


115 

kHz 

DC (max) 

Maximum Switch Duty Cycle 



80 

90 

95 

% 


Shutdown Mode 

3V<V, n <V max 



100 

250 

mA 


Supply Current 

V c = 0.05V 







Shutdown Mode 

3V<V in <V max 


100 

150 

250 

mV 


Threshold Voltage 


• 

50 


300 

mV 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1 : Measured with V c in hi clamp, V F b = 0.8V. 

Note 2: For duty cycles (DC) between 50% and 80%, minimum guaranteed 
switch current is given by l UM = 0.833 (2 - DC). 


TVPICAL PERFORfflAACE CHARACTERISTICS 


Switch Current Limit vs Duty Cycle 



0 10 20 30 40 50 60 70 80 90 100 
DUTY CYCLE (%) 


XTUHfiB 
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REFERENCE VOLTAGE (V) 


LT1172 


TYPICAL PCRFORfflAACC CHRRACTCRISTICS 


Minimum Input Voltage Switch Saturation Voltage Line Regulation 



-75 -50 -25 0 25 50 75 100 125 150 0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 0 10 20 30 40 50 60 

TEMPERATURE (°C) SWITCH CURRENT (A) INPUT VOLTAGE (V) 


Feedback Bias Current vs Supply Current vs Supply Voltage 

Reference Voltage vs Temperature Temperature (Shutdown Mode) 



-75 -50 -25 0 25 50 75 100 125 150 -75-50 -25 0 25 50 75 100 125 150 0 10 20 30 40 50 60 

TEMPERATURE (°C) TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


Driver Current* vs Switch Current Supply Current vs Input Voltage* Shutdown Mode Supply Current 



SWITCH CURRENT (A) INPUT VOLTAGE (V) V c PIN VOLTAGE (mV) 

♦AVERAGE LT1 172 POWER SUPPLY CURRENT IS ‘UNDER VERY LOW OUTPUT CURRENT 

FOUND BY MULTIPLYING DRIVER CURRENT BY CONDITIONS, DUTY CYCLE FOR MOST 

DUTY CYCLE, THEN ADDING QUIESCENT CIRCUITS WILL APPROACH 10% OR LESS. 

CURRENT. 











LT1172 


TYPICAL PCRFORfflAACC CHRRRCTCRISTICS 


Error Amplifier Transconductance 


Shutdown Thresholds 
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Feedback Pin Clamp Voltage 
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Idle Supply Current vs 
Temperature 


V c = 0.6V 


V SUPPLY = 60V 


^SUPPLY = 3V 


75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Vc Pin Characteristics 



/ V FB = 0 8V (CURRENT OUT OF V c PIN) 
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BLOCK DIAGABm 


SWITCH 



‘ALWAYS CONNECT El TO GROUND PIN ON MINIDIP PACKAGE. 

El AND E2 INTERNALLY TIED TO GROUND ON TO-3 AND T0-220 PACKAGES. 


LT1172 OPCAATIOA 

The LT1172 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block dia- 
gram, the switch is turned “on” at the start of each oscilla- 
tor cycle. It is turned “off” when switch current reaches a 
predetermined level. Control of output voltage is obtained 
by using the output of a voltage sensing error amplifier to 
set current trip level. This technique has several advan- 
tages. First, it has immediate response to input voltage 
variations, unlike ordinary switchers which have notori- 
ously poor line transient response. Second, it reduces the 
90° phase shift at midfrequencies in the energy storage in- 
ductor. This greatly simplifies closed loop frequency com- 
pensation under widely varying input voltage or output 


load conditions. Finally, it allows simple pulse-by-pulse 
current limiting to provide maximum switch protection 
under output overload or short conditions. A low-dropout 
internal regulator provides a 2.3V supply for all internal cir- 
cuitry on the LT1172. This low-dropout design allows input 
voltage to vary from 3V to 60V with virtually no change in 
device performance. A 100kHz oscillator is the basic clock 
for all internal timing. It turns “on” the output switch via 
the logic and driver circuitry. Special adaptive antisat cir- 
cuitry detects onset of saturation in the power switch and 
adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn-off of the switch. 









LT1172 


IT1172 OPCRRTIOn 

A 1.2V bandgap reference biases the positive input of the er- 
ror amplifier. The negative input is brought out for output 
voltage sensing. 

The error signal developed at the comparator input is brought 
out externally. This pin (V c) has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (gm) types, so this voltage can 
be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1172 in an idle mode. Pulling 
the Vc pin below 0.15V causes total regulator shutdown, with 
only 50/iA supply current for shutdown circuitry biasing. See 
AN-19 for full application details. 

Extra Pins on the MiniDIP Package 

The miniDIP LT1172 has the emitters of the power transis- 
tor brought out separately from the ground pin. This elim- 
inates errors due to ground pin voltage drops and allows 
the user to reduce switch current limit 2:1 by leaving the 
second emitter (E2) disconnected. The first emitter (El) 
should always be connected to the ground pin. Note that 
switch “on” resistance doubles when E2 is left open, so 
efficiency will suffer somewhat when switch currents ex- 
ceed 100mA. Also, note that chip dissipation will actually 
increase with E2 open during normal load operation, even 
though dissipation in current limit mode will decrease. 
See “Thermal Considerations.” 


Thermal Considerations When Using the MiniDIP Pacoage 

The low supply current and high switch efficiency of the 
LT1172 allow it to be used without a heat sink in most ap- 
plications when the TO-220 or TO-3 package is selected. 
These packages are rated at 50°C/W and 35°C/W respec- 
tively. The miniDIPs, however, are rated at 100°C/W in ce- 
ramic (J) and 1 30°/W in plastic (N). 


Care should be taken for miniDIP applications to ensure 
that the worst case input voltage and load current condi- 
tions do not cause excessive die temperatures. The follow- 
ing formulas can be used as a rough guide to calculate 
LT1172 power dissipation. For more details, the reader 
is referred to Application Note 19 (AN-19), “Efficiency 
Calculations” section. 

Average supply current (including driver current) is: 

llN«6mA + lsw(0-004 + DC/40) 

lsw= switch current 
DC = switch duty cycle 

Switch power dissipation is given by: 

Psw=(lsw) 2 *Rsw*DC 

Rsw = LT1172 switch “on” resistance (IQ maximum) 

Total power dissipation is the sum of supply current times 
input voltage plus switch power: 

PtOT = (IinKVin) + Psw 

In a typical example, using a boost convertor to generate 
+ 12V@0.12A from a +5V input, duty cycle is approxi- 
mately 60%, and switch current is about 0.65A, yielding: 

IlN = 6mA + 0.65(0.004 + DC/40) = 18mA 

P S W = (0.65) 2 • IQ • (0.6) = 0.25W 

Ptot = (5VK0.018A) + 0.25 = 0.34W 

Temperature rise in a plastic miniDIP would be 130°C/W 
times 0.34W, or approximately 44°C. The maximum ambi- 
ent temperature would be limited to 100°C (commercial 
temperature limit) minus 44°C, or 56°C. 

In most applications, full load current is used to calculate 
die temperature. However, if overload conditions must 
also be accounted for, four approaches are possible. First, 
if loss of regulated output is acceptable under overload 
conditions, the internal thermal limit of the LT1172 will pro- 
tect the die in most applications by shutting off switch 
current. Thermal limit is not a tested parameter, however, 
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LTI172 OPCAATIOH 

and should be considered only for non-critical applica- 
tions with temporary overloads. A second approach is to 
use the larger TO-220 (T) or TO-3 (K) package which, even 
without a heat sink, may limit die temperatures to safe lev- 
els under overload conditions. In critical situations, heat 
sinking of these packages is required; especially if over- 
load conditions must be tolerated for extended periods of 
time. 

The third approach for lower current applications is to 
leave the second switch emitter (miniDIP only) open. This 
increases switch “on” resistance by 2:1, but reduces 
switch current limit by 2:1 also, resulting in a net 2:1 reduc- 
tion in l 2 R switch dissipation under current limit 
conditions. 

The fourth approach is to clamp the Vc pin to a voltage 
less than its internal clamp level of 2V. The LT1172 switch 
current limit is zero at approximately IV on the Vc pin and 
2A at 2V on the Vc pin. Peak switch current can be ex- 
ternally clamped between these two levels with a diode. 
See AN-19 for details. 

LT1172 Synchronizing 

The LT1172 can be externally synchronized in the fre- 
quency range of 120kHz to 160kHz. This is accomplished 
as shown in the accompanying figures. Synchronizing 
occurs when the Vc pin is pulled to ground with an 


external transistor. To avoid disturbing the DC charac- 
teristics of the internal error amplifier, the width of the 
synchronizing pulse should be under 0.3/js. C2 sets the 
pulse width at * 0.2/ts. The effect of a synchronizing pulse 
on the LT1172 amplifier offset can be calculated from: 

ic 

^=26mV@25°C 

ts= pulse width 

fs= pulse frequency 

Ic = LT1172 Vc source current (=200/iA) 

Vc = LT1172 operating Vc voltage (1 V-2V) 

R3 = resistor used to set mid-frequency “zero” in LT1172 
frequency compensation network. 

With t s = 0.2/tS, f s = 150kHz, V C =1.5V, and R3=2K0, off- 
set voltage shift is »3.8mV. This is not particularly bother- 
some, but note that high offsets could result if R3 were 
reduced to a much lower value. Also, the synchronizing 
transistor must sink higher currents with low values of R3, 
so larger drives may have to be used. The transistor must 
be capable of pulling the Vc pin to within 200mV of ground 
to ensure synchronizing. 


Synchronizing with Bipolar Transistor 


Synchronizing with MOS Transistor 



•SIUCONIX OR EQUIVALENT 
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TVPICAl APPIICATIOAS 


Flyback Converter 



’REQUIRED IF INPUT LEADS >2" 
“OPTIONAL TO REPLACE R4 & C3 
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CLAMP TURN-ON 
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PRIMARY FLYBACK VOLTAGE = V ° UT N + V< 
LT1172 SWITCH VOLTAGE 
AREA “a” = AREA “b” TO MAINTAIN 
ZERO DC VOLTS ACROSS PRIMARY 


AREA “C” = AREA "d” TO MAINTAIN 
ZERO DC VOLTS ACROSS SECONDARY 


PRIMARY CURRENT 


SECONDARY CURRENT 


LT1172 SWITCH CURRENT 


SNUBBER DIODE CURRENT 
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TYPICAL APPLICATIOAS 

Negative to Positive Buck-Boost Converter External Current Limit 



Positive to Negative Buck-Boost Converter 



External Current Limit 


i 


1N4001 

W- 


R5 1 

470O1W 
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C4 

5^F — 
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LT1172 




GND 

v c » 


C5 
1 00/xF ’ 


X 


. V IN 

10-30V 



R4 

470 


•REQUIRED IF INPUT LEADS > 2 ." 

f TO AVOID START-UP PROBLEMS 
FOR INPUT VOLTAGES BELOW 10V, 
CONNECT ANODF OF D3 TO V| N> 
AND REMOVE R5. Cl MAY BE 
REDUCED FOR LOWER OUTPUT 
CURRENTS. Cl *(500^F)(I 0 ut)- 
FOR 5 V OUTPUTS, REDUCE R3 
TO 1.5k, INCREASE C2T0 0.3nF, 
AND REDUCE R6T0 1000. 
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Voltage Boosted Boost Converter 


Driving High Voltage FET 
(for Offline Applications, See AN-25) 
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TYPICAL APPLICATION 


Negative Buck Converter 



‘REQUIRED IF INPUT LEADS >2" 


Positive Buck Converter 



REQUIRED IF INPUT LEADS >2" 


Negative Boost Regulator 



‘REQUIRED IF INPUT LEADS >2" 
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PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8-Lead Ceramic DIP 




T jMAX 

e jA 

150°C 

100°C/W 


Based on continuous operation. 


N Package 
8-Lead Plastic DIP 



Based on continuous operation. 
*TjMAX = 125 ° c f° r intermittent 
fault conditions. 


K Package 

4-Lead TO-3 Metal Can 


T Package 
5-Lead TO-220 


0 320-0.350 
(8.128-8 890) 


0 420-0,480 
(10 67-12 19) 


f 

0 116 
(2.946) 
MAX 


0.220- 

(5.588- 

-0.235 
-5 969) 

1 

1 177-1 197 

(29.90 - 30 40) 

T ; 

0.445-0.465 i 

fr 

-\ i r 


^ 0 167-0 177 
(4.241-4.495) 
RTYP 



TjMAX 

9jC 

QjA 

LT1 172MK, LT1172HVMK 

150°C 

8°C/W 

35°C/W 

LT1172CK, LT1172HVCK 

100°C* 

8°C/W 

35°C/W 


Based on continuous operation. 

*IjMAX = 125 °C for intermittent fault conditions. 




TjMAX 

e jC 

0jA 

LT1172CT, LT1172HVCT 

100°C* 

8°C/W 

75°C/W 


Based on continuous operation. 

*I|MAX = 125 ° c f° r intermittent fault conditions. 
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LT1524/LT3524 

SG1524/SG3524 



F€flTUR€S 

■ Guaranteed ±2% Reference Tolerance 

■ Guaranteed ±6% Oscillator Tolerance 

■ Guaranteed 10mV/1000 Hrs Long Term Stability 

■ Interchangeable with all SGI 524 or LM1524 Devices 

■ Operates Above 100kHz 


Regulating Pulse Width 
Modulator 

DCSCRIPTIOn 

The LT 1 524 PWM switching regulator control circuit con- 
tains all the essential circuitry to implement single-ended 
or push-pull switching regulators. Included on the circuit 
are oscillator, voltage reference, a pulse width modulator, 
error amplifier, overload protection circuitry and output 
drivers. 


APPUCATIOAS 

■ Switching Power Supplies 

■ Motor Speed Control 

■ Off-Line Power Converters 


Although pin-for-pin and functionally compatible with 
industry standard 1524 and 3524 devices, Linear 
Technology has incorporated several improvements in the 
design of the LT1524. A subsurface zener reference has 
been used to provide excellent stability with time and the 
reference is trimmed at the wafer level to provide an initial 
accuracy of 2%. Additionally, the oscillator is trimmed to 
provide a maximum tolerance of 6%. 


Linear Technology Corporation’s advanced processing, 
design and passivation techniques make the LT 1 524 and 
LT3524 a superior and more reliable choice over previous 
devices. 
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LT1524/LT3524 

SG1524/SG3524 


absolute mnximum ratiags 

Input Voltage 40V 

Reference Output Current 50mA 

Output Current (Each Output) 100mA 

Oscillator Charging Current (Pin 6 or 7) 5mA 

Internal Power Dissipation (Note 1 ) 1 W 

Operating Temperature Range 

LT1 524 /SGI 524 -55°Cto +125°C 

LT3524/SG3524 0°CtO+70°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, lOsec.) 300°C 


PACKAG€/OAD€A IAFORA1ATIOA 



TOP VIEW 


ORDER PART 


W 


NUMBER 

INV INPUT [T 


HI Vref 


Nl INPUT |T 


IN 


OSC OUTPUT |T 


u\ EMITTER 2 

LT1524J 

+ CL SENSE |7 


T 3 J COLLECTOR 2 

LT3524J 

-CL SENSE |T 


12] COLLECTOR 1 

LT3524N 

RtE 


TT] EMITTER 1 

SG1524J 

Ct|I 


To] SHUTDOWN 

SG3524J 

GNO[8 


1] COMPENSATION 

SG3524N 


J PACKAGE 




16 PIN HERMETIC 




N PACKAGE 




16 PIN PLASTIC 




€L€CTAICAL CHAAACT€RISTICS (Note 2) 


PARAMETER 

CONDITIONS 

LT1524 

MIN TYP MAX 

SG1524 

MIN TYP MAX 

UNITS 

Reference Section: 


• 

4.9 5,0 5,1 

4.8 5.0 5.2 

V 

Output Voltage 

Line Regulation 

V tN = 8V to 40V 

• 

2 10 

10 20 

mV 

Load Regulation 

l L = 0mA to 20mA 

• 

10 20 

20 50 

mV 

Ripple Rejection 

f= 120Hz 


80 

66 

dB 

Short Circuit Current Limit 

V REF = 0 


100 

100 

mA 

Temperature Stability 


• 

0.3 1 

0.3 1 

% 

Long Term Stability 



2 10 

20 

mV/khr 

Oscillator Section: 

Cj = 0.001/iF, Rj — 2kfl 

• 

300 

300 

kHz 

Maximum Frequency 

Initial Accuracy 

R T and C T Constant 


3 6 

5 

% 

Voltage Stability 

V, N = 8V to 40V 



1 

% 

Temperature Stability 

Note 3 

• 

2 

2 

% 

Output Amplitude 

Pin 3 


3.5 

3.5 

V 

Output Pulse Width 

C T = 0,01/iF,T A = 25°C 


0.5 

0.5 

/iS 

Error Amplifier Section: 

Vcm = 2.5V 

• 

0.5 5 

0.5 5 

mV 

Input Offset Voltage 

Input Bias Current 

V cm = 2.5V 

• 

0.5 2 

2 10 

pA 

Open Loop Voltage Gain 


• 

72 80 

72 80 

dB 

Common-Mode Voltage 


• 

1.8 3.4 

1.8 3.4 

V 

Common-Mode Rejection Ratio 



70 86 

70 

dB 

Small Signal Bandwidth 

A v = 0dB 


3 

3 

MHz 

Output Voltage 



0.5 3.8 

0.5 3.8 

V 
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LT1524/LT3524 

SG1524/SG3524 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT1524 

MIN TYP MAX 

SGI 524 

MIN TYP MAX 

UN'TS 

Comparator Section: 


• 

0 

0 

% 

Minimum Duty Cycle 

Maximum Duty Cycle 


• 

45 49 

45 49 

% 

Input Threshold 

Zero Duty Cycle 

• 

1 

1 

V 

Input Threshold 

Max Duty Cycle 

• 

3.5 

3.5 

V 

Input Bias Current 


• 

0.2 2 

1 


Current Limiting Section: 

Pin 9 = 2V with Error Amplifier 

Set for Max Out 


190 200 210 

190 200 210 

mV 

Sense Voltage 

Sense Voltage T.C. 


• 

0.2 

0.2 

mV/°C 

Common-Mode Voltage 


• 

-0.7 1 

-0.7 1 

V 

Output Section: (Each Output) 


• 

40 

40 

V 

Collector-Emitter Voltage 

Collector Leakage Current 

V CE = 40 V 

• 

0.1 50 

0.1 50 

ftA 

Saturation Voltage 

l c = 50mA 

• 

1 2 

1 2 

V 

Emitter Output Voltage 

V| N = 20V 

• 

17 18 

17 18 

V 

Rise Time 

R c = 2kfi 


0.2 

0.2 

n s 

Fall Time 

R c = 2kQ 


0.1 

0.1 

/* 

Total Standby Current: 

V, N = 40V (Note 4) 

• 

8 10 

8 10 

mA 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

LT3524 

MIN TYP MAX 

SG3524 

MIN TYP MAX 

UNITS 

Reference Section: 


• 

4.9 5.0 5.1 

4.6 5.0 5.4 

V 

Output Voltage 

Line Regulation 

V| N = 8V to 40V 

• 

3 10 

10 30 

mV 

Load Regulation 

l L = 0mAto 20mA 

• 

10 20 

20 50 

mV 

Ripple Rejection 

f= 120Hz 


80 

66 

dB 

Short Circuit Current Limit 

Vref = 0 


100 

100 

mA 

Temperature Stability 


• 

0.3 1 

0.3 1 

% 

Long Term Stability 



2 10 

20 

mV/khr 

Oscillator Section: 

C t = 0.00VF, R t = 2kQ 

• 

300 

300 

kHz 

Maximum Frequency 

Initial Accuracy 

R t and C T Constant 


3 6 

5 

% 

Voltage Stability 

Vin = 8V to 40 V 


1 

1 

% 

Temperature Stability 

Note 3 

• 

2 

2 

% 

Output Amplitude 

Pin 3 


3.5 

3.5 

V 

Output Pulse Width 

O t = O.OVF,T a =25°C 


0.5 

0.5 

1 

M s 

Error Amplifier Section: 

V cm = 2.5V 

• 

1 5 

2 10 

mV 

Input Offset Voltage 

Input Bias Current 

V cm = 2.5V 

• 

0.5 2 

2 10 

f*A 

Open Loop Voltage Gain 


• 

72 80 

60 80 

dB 

Common-Mode Voltage 



1.8 3.4 

1.8 3.4 

V 

Common-Mode Rejection Ratio 



70 86 

70 

dB 

Small Signal Bandwidth 

A v = 0dB 


3 

3 

MHz 

Output Voltage 



0.5 3.8 

0.5 3.8 

V 


XTUOSfig 
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LT1524/LT3524 

SG1524/SG3524 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT3524 

MIN TYP MAX 

SG3524 

MIN TYP MAX 

UNITS 

Comparator Section: 


• 

0 

0 

% 

Minimum Duty Cycle 

Maximum Duty Cycle 


• 

45 49 

45 49 

% 

Input Threshold 

Zero Duty Cycle 

• 

1 

1 

V 

Input Threshold 

Max Duty Cycle 

• 

3.5 

3.5 

V 

Input Bias Current 


• 

t 2 

1 


Current Limiting Section: 

Pin 9 = 2V with Error Amplifier 

Set for Max Out 


190 200 210 

180 200 220 

mV 

Sense Voltage 

Sense Voltage T.C. 


• 

0.2 

0.2 

mV/°C 

Common-Mode Voltage 


• 

-1 1 

-1 1 

V 

Output Section: (Each Output) 


• 

40 

40 

V 

Collector-Emitter Voltage 

Collector Leakage Current 

V ce = 40V 

• 

0.1 50 

0.1 50 

/iA 

Saturation Voltage 

l c =50mA 

• 

1 2 

1 2 

V 

Emitter Output Voltage 

V IN = 20V 

• 

17 18 

17 18 

V 

Rise Time 

3 

CM 

II 

ccf 


0.2 

0.2 

/iS 

Fall Time 

R c =2kQ 


0.1 

0.1 

fiS 

Total Standby Current: 

V, N = 40V (Note 4) 

• 

8 10 

8 10 

mA 


The • denotes specifications that apply over the full operating 
temperature range. 

The shaded electrical specifications indicate those parameters which 
have been improved or guaranteed test limits provided for the first time. 
Note 1: For operating at elevated temperatures, the device in the J 
package must be derated at 100°C/W to a maximum junction 
temperature of 150°C, while the device in the N package is derated at 
150°C/W to a maximum junction temperature of 115°C. 

Note 2: These specifications apply for V )N = 20V, f = 20kHz. T A = 25°C 
unless otherwise noted. 


Note 3: Although many manufacturers specify a maximum specification 
of 2%, Linear Technology’s experience is that this specification is not 
being presently met by other manufacturers. Linear Technology’s basic 
design, although improved, is essentially identical to other manufac- 
turers’ devices. Linear Technology is, however, unwilling to place a 
maximum specification on its data sheet which cannot be met or 
guaranteed. 

Note 4: Standby current does not include the oscillator charging current, 
error and current limit dividers, and the outputs are open circuit. 


TEST CIRCUIT 
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STANDBY CURRENT (mA) Vsat — SATURATION VOLTAGE (V) VOLTAGE GAIN (dB) 


LT1524/LT3524 

SG1524/SG3524 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Error Amplifier Gain 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Output Dead Time 



0.001 0.004 0.01 0.04 0.1 

Cy-CAPACITANCE (#*F) 


Oscillator Period 
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OSCILLATOR PERIOD fos) 


Output Transistor Saturation 
Voltage 



-75 -50 -25 0 25 50 75 100 125 

T a -AMBIENT TEMPERATURE (°C) 


Output Transistor Emitter 
Voltage 



-75 -50 -25 0 25 50 75 100 125 

T a -AMBIENT TEMPERATURE (°C) 


Oscillator Frequency vs Timing 
Resistance 



Standby Current 


— 1 1 — 

T a =25°C 
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V | N — INPUT VOLTAGE (V) 


Duty Cycle 



1 1.5 2 2.5 3 3.5 4 

VOLTAGE ON PIN 9 (V) 


Current Limit Sense Voltage 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




5-89 












LT1524/LT3524 

SG1524/SG3524 


APPLICATION lAFOAfAATlOA 

FUNCTIONAL DESCRIPTION AND PIN FUNCTIONS 
Voltage Regulator 

The internal 5V regulator (input pin 15, output pin 16) 
supplies a regulated 5 V to all internal circuitry, as well as 
up to 50mA for external circuitry. For operation below 8V 
input, pins 15 and 16 may be tied together and 5V to 6V 
externally applied. 

Oscillator 

The internal oscillator circuitry sets the frequency of 
operation for the switching regulator. The oscillator wave- 
form is a ramp from about IV to 3.5V (pin 7). Frequency 
is set by a timing resistor from pin 6 to ground and a 
capacitor from pin 7 to ground. The oscillator period is ap- 
proximately RC for the recommended range of 1.8k to 
100k for R and 0.001/iF to 0.1/tF for C. 

The fall time of the ramp sets the blanking or dead time 
where both outputs are off in push-pull regulators. This is 
controlled by the value of the capacitor alone. 

Output Transistors 

The two output transistors have both the emitters (pins 1 1 
and 1 4) and the collectors available (pins 1 2 and 1 3) . I nter- 
nal current limiting for both of these transistors is about 
1 00mA. The two transistors are driven 1 80° out of phase by 
the flip-flop. For single-ended operation they should be con- 
nected in parallel. 

Error Amplifier 

The differential input (pins 1 and 2) single-ended output 
(pin 9) transconductance amplifier provides about 80dB 
of gain, as well as providing a point for loop frequency 
compensation or electronic shutdown. 

DC gain of the loop can be controlled by resistive loading, 
while AC compensation is usually accomplished with a 
series R-C connected from pin 9 to ground. The output 
impedance at pin 9 is about 5MO and current is about 
200/iA, so external op-amps or voltage sources can easily 
drive the comparator input. Normally, the 5V reference is 
divided down to generate a voltage within the common- 
mode range of the error amplifier. 


Synchronous Operation 

When an external clock is desired, a clock pulse of ap- 
proximately 3V can be applied directly to the oscillator 
output, pin 3. The impedance to ground at this point is 
approximately 2kQ. In this configuration, Rt Ct must be 
selected for a clock period slightly greater than that of the 
external clock. 

If two or more LT 1 524 regulators are to be operated syn- 
chronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum 
clock period will be the master from which all the other 
LT 1 524s operate. In this application, the Ct Rt values of 
the slaved regulators must be set for a period approx- 
imately 10% longer than that of the master regulator. In 
addition, Ct (master) =2 Ct (slave) to ensure that the 
master output pulse, which occurs first, has a wider 
pulse width and will subsequently reset the slave 
regulators. 

Shutdown 

A logic high at pin 10 will shut down the regulator and 
cause both output transistors to turn off. 

Current Limit 

Current limiting is activated when the voltage between 
pins 4 and 5 exceeds 200mV. The output of the current 
limit amplifier internally sums with the error amplifier to 
shorten the output pulse width. The gain of the current 
limit circuitry is relatively low, so current control in limit is 
typically about 5%. Two areas of caution should be 
observed with current limiting. First, the response time of 
the current limit is set by the loop roll-off on pin 9. Fast 
current limiting requires external circuitry. Second, the 
common-mode range of the current limit amplifier is lim- 
ited. Even fast spikes outside this range can disrupt 
operation. 
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LT1524/LT3524 

SG1524/SG3524 


BLOCK DIBGAAm 



GND 


PACKAGC D6SCAIPTIOA 


J Package 

16 Lead Ceramic DIP 



T J MAX 

©JA 

©JC 

LT1524J 

SG1524J 

150°C 

100°C/W 

30°C/W 

LT3524J 

SG3524J 

150°C 

100°C/W 

30°C/W 


0 290 -0 320 
(7 366-8 128) 



a 

' 

Li 

, 0 385 J 

1 

■j 

= 0 025 J 


0 310 
(7.874) 


(7 391) ) 
MAX r 

0 160 jr_ 


(19 94) 

liirfsiraiisinnrTnnoifii 


0.200 

bJ l_2j l_3j LlJ l_5j l_6j l_7j Ls) (5.080) 


0 020 - 0 070 
(0 508-1 778) 


(0 203-0 305) 0-125 
(3.175) 



U-# 


(1 270) 
MAX 

0.100±0.010 


(2 032*0 127) 
0 018*0 002 




Jj MAX 

©JA 

©JC 

LT3524N 

SG3524N 

115°C 

140°C/W 

-50°C/W 
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SG3524S 


/TUntAB 

JKkmmJ TECHNOLOGY 


F€ATUR€S 

■ ± 5% Typ. Oscillator Tolerance 

■ 20mV/1000 Hrs Typ. Long Term Stability 

■ Interchangeable with all SG3524 or LM3524 Devices 

■ Operates Above 100kHz 

APPLICATORS 

■ Switching Power Supplies 

■ Motor Speed Control 

■ Off-Line Power Converters 


Regulating Pulse Width 
Modulator 

DESCRIPTOR 

The SG3524 PWM switching regulator control circuit con- 
tains all the essential circuitry to implement single-ended 
or push-pull switching regulators. Included on the circuit 
are oscillator, voltage reference, a pulse width modulator, 
error amplifier, overload protection circuitry and output 
drivers. 

Although pin-for-pin and functionally compatible with in- 
dustry standard 3524 devices, Linear Technology has in- 
corporated several improvements in the design of the 
3524. A subsurface zener reference has been used to pro- 
vide excellent stability with time and the reference is 
trimmed at the wafer level. 

Linear Technology Corporation’s advanced processing, 
design and passivation techniques make the SG3524 a 
superior and more reliable choice over previous devices. 


5V, 1 Amp Regulator 


Distribution of Reference Output Voltage 
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SG3524S 


absolute mfiximum ratiags 


Input Voltage 40V 

Reference Output Current 50mA 

Output Current (Each Output) 100mA 

Oscillator Charging Current (Pin 6 or 7) 5mA 

Internal Power Dissipation (Note 1) 1W 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORfflATlOA 




TOP VIEW 


ORDER PART 


1 



NUMBER 

INV INPUT |T 



HI V BEF 


Nl INPUT |T 



Uv IN 

SG3524S 

OSC OUTPUT [3 



u} EMITTER 2 


+ CL SENSE |7 



13] COLLECTOR 2 


-CL SENSE |T 



12] COLLECTOR 1 


RtH 



1l] EMITTER 1 

PART MARKING 

c T \T 



75] SHUTDOWN 


GND[8 



Y] COMPENSATION 

SG3524S 


S16 PACKAGE 





PLASTIC SO 




ELECTRICAL CHBBACT€RISTICS (Note 2) 


PARAMETER 

CONDITIONS 

SG3524 

MIN TYP MAX 

UNITS 

Reference Section: 


• 

4.6 5.0 5.4 

V 

Output Voltage 

Line Regulation 

V| N = 8V to 40V 

• 

10 30 

mV 

Load Regulation 

l L = 0mAto 20mA 

• 

20 50 

mV 

Ripple Rejection 

f = 120Hz 


66 

dB 

Short Circuit Current Limit 

Vref=0 


100 

mA 

Temperature Stability 


• 

0.3 1 

% 

Long Term Stability 

! 


20 

mV/Vkhr 

Oscillator Section: 

C T = 0.001 /iF,R T = 2kfl 

• 

300 

kHz 

Maximum Frequency 

Initial Accuracy 

R T and C T Constant 


5 

% 

Voltage Stability 

V, N = 8V to 40V 


1 

% 

Temperature Stability 

Note 3 

• 

2 

% 

Output Amplitude 

Pin 3 


3.5 

V 

Output Pulse Width 

C r = 0.0tyF l T A = 25°C 


0.5 

ns 

Error Amplifier Section: 

V cm =2.5V 

• 

2 10 

mV 

Input Offset Voltage 

Input Bias Current 

Vcm=2.5V 

• 

2 10 

f A 

Open Loop Voltage Gain 


• 

60 80 

dB 

Common-Mode Voltage 



1.8 3.4 

V 

Common-Mode Rejection Ratio 



70 

dB 

Small Signal Bandwidth 

A v = 0dB 


3 

MHz 

Output Voltage 



0.5 3.8 

V 

Comparator Section: 

% Each Output On 

• 

0 45 

% 

Duty Cycle 

Input Threshold 

Zero Duty Cycle 

• 

1 

V 

Input Threshold 

Max Duty Cycle 

• 

3.5 

V 

Input Bias Current 


• 

1 

rA 
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SG3524S 


ELECTRICAL CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITIONS 

SG3524 

MIN TYP MAX 

UNITS 

Current Limiting Section: 

Pin 9 = 2V with Error Amplifier 

Set for Max Out 


180 200 220 

mV 

Sense Voltage 

Sense Voltage T.C. 


• 

0.2 

mV/°C 

Common-Mode Voltage 


• 

-1 1 

V 

Output Section: (Each Output) 


• 

40 

V 

Collector-Emitter Voltage 

Collector Leakage Current 

V CE = 40V 

• 

0.1 50 

mA 

Saturation Voltage 

l c = 50mA 

• 

1 2 

V 

Emitter Output Voltage 

V, N = 20V 

• 

17 18 

V 

Rise Time 

R c =2kfl 


0.2 

IlS 

Fall Time 

R c =2kQ 


0.1 

ns 

Total Standby Current: 

V| N = 40V (Note 4) 

• 

8 10 

mA 


Note 3: Although many manufacturers specify a maximum specification of 
2%, Linear Technology’s experience is that this specification is not being 
presently met by other manufacturers. Linear Technology’s basic design, 
although improved, Is essentially identical to other manufacturer’s devices. 
Linear Technology is, however, unwilling to place a maximum specification 
on its data sheet which cannot be met or guaranteed. 

Note 4: Standby current does not include the oscillator charging current, 
error and current limit dividers, and the outputs are open circuit. 


The • denotes specifications that apply over the full operating tempera- 
ture range. 

Note 1: For operating at elevated temperatures, the device in the SO pack- 
age must be derated at 100°C/W to a maximum junction temperature of 
115°C. 

Note 2: These specifications apply for V !N = 20V, f = 20kHz. T A = 25°C un- 
less otherwise noted. 
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rrunm 

^Lv/ TECHNOLOGY 


F€OTUR€S 

■ Undervoltage Lockout with Hysteresis 

■ Guaranteed 1 % 5.1V Reference 

■ Guaranteed 10mV/1000 Hr Long Term Stability 

■ Latching PWM 

■ 8 V to 35V Operation 

■ 100Hz to 400kHz Oscillator 

■ 400mA Source and Sink Current 


applicators 

■ Switching Power Supplies 

■ Motor Speed Control 

■ Power Converters 


LT/ SGI 525 A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 

Regulating Pulse Width 
Modulators 

DcscmpTion 

The LT1525A and LT1527A are improved general pur- 
pose switching regulator control circuits. Included on the 
chip are a trimmed 1 % voltage subsurface zener refer- 
ence, oscillator, comparator and high current class B 
totem pole output drivers. Included in the design of the 
LT1525A are easy synchronization to an external clock, 
soft-start and adjustable deadtime control. A shutdown 
pin allows instantaneous shutdown. 

The LT1525A and LT1527A differ only in their output 
logic phasing. The LT 1 525A has a low output during the 
“off ’ state, while the LT1527A has a high output during 
the “off’’ state. Both devices have undervoltage lockout 
with about 0.5V hysteresis, giving reliable operation even 
with slowly varying supplies. 


The combination of improved features and advanced 
processing for high reliability make Linear Technology’s 
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LT/ SGI 525 A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


absolute mnximum ratmgs packagc/order mFORmnnon 


(Note 1) 

Supply Voltage ( + Vin) +40V 

Logic Inputs -0.3Vto+5.5V 

Analog Inputs —0.3V to +Vin 

Output Current, Source or Sink 500mA 

Reference Output Current 50mA 

Oscillator Charging Current 5mA 

Power Dissipation at Ta = +25°C (Note 2). . . lOOOmW 
Thermal Resistance: Junction to Ambient . . . 100°C/W 
Power Dissipation at Tc = +25°C (Note 3). . . 2000mW 

Thermal Resistance: Junction to Case 60°C/W 

Operating Temperature Range 

1525A, 1527A -55°Cto150°C 

3525A, 3527A 0°Cto70°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 


TOP VIEW 



INV INPUT ^ 

Nl INPUT [7 
sync[T 
OSC OUTPUT |7 
CtE 
RtE 

DISCHARGE [7 

SOFT-START £[ 

J PACKAGE 
16 PIN HERMETIC 


wJ+Vin 
Tj] OUTPUT B 

IK 

12] GROUND 

7i] OUTPUT A 

To] SHUTDOWN 

7) COMPENSATION 

N PACKAGE 
16 PIN PLASTIC 


ORDER PART 
NUMBER 


LT1525AJ 

LT1527AJ 

LT3525AJ 

LT3527AJ 

LT3525AN 

LT3527AN 

SG1525AJ 

SG1527AJ 

SG3525AJ 

SG3527AJ 

SG3525AN 

SG3527AN 


R€COmm€RD€D OP6RATIRG CORDITIORS 


(Note 4) 


Input Voltage (+ Vin) +8Vto +35V 

Collector Supply Voltage (Vc) +4.5Vto+35V 

Sink/Source Load Current 

(Steady State) OmA to 100mA 

Sink/Source Load Current (Peak) OmA to 400mA 


Reference Load Current OmA to 20mA 

Oscillator Frequency Range 1 00Hz to 400kHz 

Oscillator Timing Resistor 2kQto 150kfi 

Oscillator Timing Capacitor O.OOI/tFtoO.VF 

Deadtime Resistor Range Ofi to 500Q 


ELECTRICAL CHARACTERISTICS Vin = + 20V unless otherwise noted 


PARAMETER 

CONDITIONS 

LT1525A 

LT1527A 

MIN TYP 

MAX 

SG1525A 

SG1527A 

MIN TYP 

MAX 

UNITS 

REFERENCE SECTION 

Output Voltage 

Tj = 25°C 


5.05 5.10 

5.15 

5.05 5.10 

5.15 

V 

Line Regulation 

V 1N = 8V to 35V 

• 

5 

10 

10 

20 

mV 

Load Regulation 

l L = 0mA to 20mA 

• 

20 

50 

20 

50 

mV 

Temperature Stability 


• 

20 

50 

20 

50 

mV 

Total Output Variation 

Line, Load, and Temperature 

• 

5.0 5.1 

5.2 

5.0 5.1 

5.2 

V 

Short Circuit Current 

Vref^O. Tj = 25°C 


80 

100 

80 

100 

mA 

Output Noise Voltage 

10Hz<f< 10kHz, Tj = 25°C 


40 

200 

40 

200 

/rVrms 

Long Term Stability 

Tj = 125°C 


1 

10 

20 

50 

mV/VKhr 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

LT1525A 

LT1527A 

TYP 

MAX 

MIN 

SG1525A 

SG1527A 

TYP 

MAX 

UNITS 

OSCILLATOR SECTION (Note 6) 

Initial Accuracy 

Tj = 25°C (Note 6) 



2 

6 


2 

6 

% 

Voltage Stability 

V, n = 8V to 35V 

• 

0.5 1 


0.3 

1 

% 

Temperature Stability 


• 


3 

6 


3 

6 

% 

Minimum Frequency 

R T = 150kfl, C T = 0.1/tF 

• 

100 

100 

Hz 

Maximum Frequency 

R t = 2kfi, C T =1nF 

• 

400 

400 

kHz 

Current Mirror 

Irt = 2mA 

• 

1.7 

2.0 

2.2 

1.7 

2.0 

2.2 

mA 

Clock Amplitude 


• 

3.0 

3.5 


3.0 

3.5 


V 

Clock Width 

Tj = 25°C 


0.3 

0.5 

1 

0.3 

0.5 

1 

/zS 

Sync Threshold 


• 

1.2 

2.0 

2.8 

1.2 

2.0 

2.8 

V 

Sync Input Current’ 

Sync Voltage = 3.5V 

• 


1.0 

2.5 


1.0 

2.5 

mA 

ERROR AMPLIFIER SECTION (V CM = 

5.1V) 








Input Offset Voltage 


• 


0.5 

5 


0.5 

5 

mV 

Input Bias Current 


• 


0.2 

3 

1 10 

/zA 

Input Offset Current 


• 

0.5 

1 

/zA 

DC Open Loop Gain 

R l >10MQ 

• 

70 

80 


60 

75 


dB 

Gain Bandwidth Product 

A v = 0dB, Tj = 25°C (Note 5) 


1 

2 


1 2 

MHz 

Output Low Level 


• 


0.2 

0.5 


0.2 

0.5 

V 

Output High Level 


• 

3.8 

5.6 


3.8 

5.6 


V 

Common Mode Rejection 

V C m — 1 -5V to 5.2V 

• 

75 

90 


60 

75 


dB 

Supply Voltage Rejection 

V, n = 8V to 35V 

• 

75 

90 


50 

60 


dB 

PWM COMPARATOR 

Minimum Duty Cycle 


• 

0 

. 0 

% 

Maximum Duty Cycle 


• 

45 

49 


45 

49 


% 

Input Threshold 

Zero Duty Cycle (Note 6) 

• 

0.6 

0.9 


0.6 

0.9 


V 

Input Threshold 

Max Duty Cycle (Note 6) 

• 


3.3 

3.6 


3.3 

3.6 

V 

Input Bias Current 


• 


0.05 

1.0 


0.05 

1.0 

^A 

SOFT-START SECTION 

Soft-Start Current 

^SHUTDOWN — OV 

• 

25 

50 

80 

25 

50 

80 

/zA 

Soft-Start Voltage 

v shutdown = 2V 

• 


0.4 

0.6 


0.4 

0.6 

V 

Shutdown Input Current 

v shutdown = 2.5V 

• 


0.4 

1.0 


0.4 

1.0 

mA 

OUTPUT DRIVERS (Each Output) (V c 

=20V) 








Undervoltage Lockout Hysteresis 



0.2 

0.6 

1 

0.2 

0.6 

1 

V 

Output Low Level 

Isink = 20mA 

• 


0.2 

0.4 


0.2 

0.4 

V 


•sink = 100mA 

• 


1.0 

2.0 


1.0 

2.0 

V 

Output High Level 

•source = 20mA 

• 

18 

19 


18 

19 


V 


•source = 100mA 

• 

17 

18 


17 

18 


V 

Undervoltage Lockout 

Vcomp and V ss = High 

• 

6 

7 

8 

6 

7 

8 

V 

Collector Leakage 

V c = 35V (Note 7) 

• 

§ 

CVI 

200 

/zA 

Rise Time 

C L = InF, Tj = 25°C (Note 5) 



100 

600 


100 

600 

ns 

Fall Time 

C L = 1nF, Tj = 25°C (Note 5) 



50 

300 


50 

300 

ns 

Shutdown Delay 

V S d = 3V, C s = 0, Tj = 25°C (Note 5) 



0.2 

0.5 


0.2 

0.5 

/zS 

TOTAL STANDBY CURRENT 

Supply Current 

V, N = 35V 

• 


14 

20 


14 

20 

mA 
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LT/ SGI 525 A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

LT3525A 

LT3527A 

TYP 

MAX 

MIN 

SG3525A 

S63527A 

TYP 

MAX 

UNITS 

REFERENCE SECTION 

Output Voltage 

Tj = 25°C 


5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

V| N = 8V to 35V 

• 


5 

10 


10 

20 

mV 

Load Regulation 

l L = OmA to 20mA 

• 


20 

50 


20 

50 

mV 

Temperature Stability 


• 


20 

50 


20 

50 

mV 

Total Output Variation 

Line, Load, and Temperature 

• 

4.95 

5.1 

5.25 

4.95 


5.25 

V 

Short Circuit Current 

V REF =0, Tj=25°C 



80 

100 


80 

100 

mA 

Output Noise Voltage 

10Hz<f< 10kHz, Tj = 25°C 



40 

100 


40 

o 

o 

/tVrms 

Long Term Stability 

Tj = 125°C 



1 

10 


20 

50 

mV/khr 

OSCILLATOR SECTION (Note 6) 

Initial Accuracy 

Tj = 25°C (Note 6) 



2 

6 


2 

6 

% 

Voltage Stability 

V, n = 8V to 35V 

• 


0.5 

2 


1 

2 

% 

Temperature Stability 


• 


3 

6 


3 

6 

% 

Minimum Frequency 

R T = 150kO, C t = O.VF 

• 

100 

100 

Hz 

Maximum Frequency 

Rj = 2kQ, Cj = 1nF 

• 

400 

400 

kHz 

Current Mirror 

Irt = 2mA 

• 

1.7 

2.0 

2.2 

1.7 

2.0 

2.2 

mA 

Clock Amplitude 


• 

3.0 

3.5 


3.0 

3.5 


V 

Clock Width 

Tj = 25°C 


0.3 

0.5 

1.0 

0.3 

0.5 

1.0 

fiS 

Sync Threshold 


• 

1.2 

2.0 

2.8 

1.2 

2.0 

2.8 

V 

Sync Input Current 

Sync Voltage = 3.5V 

• 


1.0 

2.5 


1.0 

2.5 

mA 

ERROR AMPLIFIER SECTION (V CM =5.1 V) 

Input Offset Voltage 




2 

5 


2 

10 

mV 

Input Bias Current 


• 


1 

3 


1 

10 


Input Offset Current 


• 

0.5 

1 


DC Open Loop Gain 

R l >10M12 

• 

70 

80 


60 

75 


dB 

Gain Bandwidth Product 

A v = 0dB,Tj = 25°C (Note 5) 


1 

2 


1 

2 


MHz 

Output Low Level 


• 


0.2 

0.5 


0.2 

0.5 

V 

Output High Level 


• 

3.8 

5.6 


3.8 

5.6 


V 

Common Mode Rejection 

V C m = 1-5V to 5.2V 

• 

75 

90 


60 

75 


dB 

Supply Voltage Rejection 

V| N = 8V to 35V 

• 

75 

90 


50 

60 


dB 

PWM COMPARATOR 

Minimum Duty Cycle 


• 

0 

0 

% 

Maximum Duty Cycle 


• 

45 

49 


45 

49 


% 

Input Threshold 

Zero Duty Cycle (Note 6) 

• 

0.6 

0.9 


0.6 

0.9 


V 

Input Threshold 

Max Duty Cycle (Note 6) 

• 


3.3 

3.6 


3.3 

3.6 

V 

Input Bias Current 


• 


0.05 

1.0 


0.05 

1.0 


SOFT-START SECTION 

Soft-Start Current 

^SHUTDOWN = OV 

• 

25 

50 

80 

25 

50 

80 


Soft-Start Voltage 

^SHUTDOWN = 2V 

• 


0.4 

0.6 


0.4 

0.6 

V 

Shutdown Input Current 

v shutdown = 2.5V 

• 


0.4 

1.0 


0.4 

1.0 

mA 
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LT/ SGI 525 A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

LT3525A 

LT3527A 

TYP 

MAX 

MIN 

SG3525A 

SG3527A 

TYP 

MAX 

UNITS 

OUTPUT DRIVERS (Each Output) (V c 

=20V) 









Undervoltage Lockout Hysteresis 



0.2 

0.6 


0.2 

0.6 


V 

Output Low Level 

'sink = 20mA 

• 


0.2 

0.4 


0.2 

0.4 

V 


•sink = 100mA 

• 


1.0 

2.0 


1.0 

2.0 

V 

Output High Level 

'source = 20mA 

• 

18 

19 


18 

19 


V 


'source = 100mA 

• 

17 

18 


17 

18 


V 

Undervoltage Lockout 

VcoMpand V S s = High 

• 

6 

7 

8 

6 

7 

8 

V 

Collector Leakage 

V c = 35V (Note 7) 

• 

200 

200 

pA 

Rise Time 

C L = lnF, Tj = 25°C (Note 5) 



100 

600 


100 

600 

ns 

Fall Time 

C L = InF, Tj = 25°C (Note 5) 



50 

300 


50 

300 

ns 

Shutdown Delay 

V sd =3V, C s = 0, T| = 25°C (Note 5) 



0.2 

0.5 


0.2 

0.5 

/*s 

TOTAL STANDBY CURRENT 

Supply Current 

V, n = 35V 

• 


14 

20 


14 

20 

mA 


The • denotes the specifications which apply of the full operating 
temperature range. 

Note 1: Values beyond which damage may occur. 

Note 2: Derate at 10mW/°C for ambient temperatures above +50°C. 
Note 3: Derate at 16mW/°C for case temperatures above + 25°C. 
Note 4: Range over which the device is functional and parameter limits 
are guaranteed. 


Note 5: These parameters, although guaranteed over the recommended 
operating conditions, are not 100% tested in production. 

Note 6: Tested atf O sc=40kHz (R T = 3.6kO, C T =0.0VF, R D =0G). 
Note 7: Applies to 1525A/3525A only, due to polarity of output pulses. 


TVPICRl P€RFORmnnC€ CHARACTERISTICS 



1 0 2.0 5.0 10 20 50 100200 500 Ik 2k 5k 10k 
CHARGE TIME 0<s) 


Oscillator Discharge Time 


Error Amplifier Open Loop 
Frequency Response 



DISCHARGE TIME (/is) 


f, FREQUENCY (Hz) 


XT(HS® 
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LT/ SGI 525 A, LT/SG3525A 
LT/ SGI 527 A, LT/SG3527A 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


1525A Output Saturation 
Characteristics 




0 2 4 6 8 10 

V|N (V) 



1525A/1527A 
C L = 1kpF, 

= 5kpF, 

= 10kpF 
V = 2.5V/DIV 
H = lOOns/DIV 



1525A/1527A 
C L = 1kpF, 
=5kpF, 

= 10kpF 
V =2.5V/DIV 
H = lOOns/DIV 



OUTPUT CURRENT 

lOOmA/DIV 

lOOns/DIV 



OUTPUT CURRENT 

100mA/DIV 

lOOns/DIV 


AppucATions mFORmnnon 

Shutdown Options 


1 . An external open collector comparator or transistor 
can be used to pull down the compensation pin (9). 
This will set the PWM latch and turn off both outputs. 
Pulse-by-pulse protection can be accomplished if the 
shutdown signal is momentary, since the PWM latch 
will be reset with each clock pulse. 


2. Shutdown can also be accomplished by pulling down 
on the soft-start pin (8). When using this approach, 
shutdown will not affect the amplifier compensation 
network; however, if a soft-start capacitor is used, it 
must be discharged, possibly slowing shutdown 
response. 
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LT/SG1525A, LT/SG3525A 
LT/SG1527A, LT/SG3527A 


RppucnTions mFonmnnon 

3. Applying a positive-going signal to the shutdown pin 
(10) will provide the most rapid shutdown of the out- 
puts if a soft-start capacitor is not used at pin 8. An 
external soft-start capacitor at pin 8 will slow shut- 
down response due to the discharge time of the soft- 
start capacitor. Discharge current is approximately 
twice the charging current. 


4. The shutdown terminal can be used to set the PWM 
latch on a pulse-by-pulse basis if there is no external 
capacitance on pin 8. Soft-start characteristics may 
still be achieved by applying an external capacitor, 
blocking diode and charging resistor to the compen- 
sation pin (9). 


TYPICAL APPLICATION 


Single Ended Supply 


V||M 



FOR SINGLE ENDED SUPPLIES, THE DRIVER 
OUTPUTS ARE GROUNDED. THE +V C TERMINAL 
IS SWITCHED TO GROUND BY THE TOTEM- 
POLE SOURCE TRANSISTORS ON EVERY 
OSCILLATOR CYCLE. 


Bipolar Push-Pull Supply 


v+ 



IN CONVENTIONAL PUSH-PULL BIPOLAR 
DESIGNS, FORWARD BASE DRIVE IS 
CONTROLLED BY R1-R3. RAPID TURN-OFF 
TIMES FOR THE POWER DEVICES ARE 
ACHIEVED WITH SPEED-UP CAPACITORS Cl 
AND C2. 


Power FETs Push-Pull Supply 


Driving Transformers Directly 


v+ 



THE LOW SOURCE IMPEDANCE OF THE 
OUTPUT DRIVERS PROVIDES RAPID CHARGING 
OF POWER FET INPUT CAPACITANCE, 

WHILE MINIMIZING EXTERNAL COMPONENTS. 


V + 



DIRECTLY BY THE 1525A. AUTOMATIC RESET 
OCCURS DURING DEADTIME, WHEN BOTH 
ENDS OF THE PRIMARY WINDING ARE 
SWITCHED TO GROUND. 


/Turm 

Jkr/ TECHNOLOGY 
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LT/ SGI 525 A, LT/SG3525A 
LT/ SGI 527 A, LT/SG3527A 



PflCKAGC DCSCMPTIOn 

16 Pin Cavity DIP (J) 




Tjmax 

©jA 

©jC 

LT/SG1525AJ 

LT/SG1527AJ 

150°C 

100°C/W 

60°C/W 

LT/SG3525AJ 

LT/SG3527AJ 

150°C 

100°C/W 

60°C/W 


16 Pin Molded DIP (N) 




Tjmax 

e jA 

©jC 

LT/SG3525AN 

LT/SG3527AN 

105°C 

100°C/W 

60°C/W 
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LT1526/LT3526 


rrunm 

TECHNOLOGY 


F€ATUR€S 

■ 8V to 35V Operation 

■ Guaranteed ± 1 % 5 V Reference 

■ Guaranteed 10mV/1000 Hrs. Long Term Stability 

■ Guaranteed +3% OscillatorTemperature Stability 

■ Undervoltage Lockout 

■ 100mA Source/Sink Outputs 


APPUCATIOAS 

■ Switching Power Supplies 

■ Motor Speed Control 

■ Power Converters 


Regulating Pulse Width 
Modulator 

DCSCAIPTIOA 

The LT1526 is an improved general purpose switching 
regulator control ciruit. Included on the chip are a 1 % volt- 
age reference, oscillator, error amplifier, pulse width 
modulator and low impedance output drivers. Also in- 
cluded are protective features such as a current limit com- 
parator, undervoltage lockout, soft-start circuitry, and 
adjustable deadtime. This versatile device can be used to 
implement single-ended or push-pull switching regulators 
of either polarity, both transformerless and transformer- 
coupled. 

Although pin-for-pin and functionally compatible with in- 
dustry standard 1526 and 3526 devices, Linear Technology 
has incorporated several improvements in the design of 
the LT1526. A subsurface zener has been used to provide 
excellent reference voltage stability and the reference of- 
fers improved line regulation and load regulation. The cur- 
rent limit comparator sense voltage initial accuracy and 
temperature stability have been greatly improved. 

The combination of improved features and advanced lin- 
ear processing for high reliability make Linear Technol- 
ogy’s switching regulators a superior choice. 


ALOCK DIAGRAfll 


VreF sync 



Reference Line Regulation 



0 10 20 30 40 


+V| N (V) 


xrme 
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LT1526/LT3526 


absolute maximum ratirgs 


(Note 1) 

Input Voltage (+Vin) +40V 

Collector Supply Voltage ( + Vc) + 40V 

Logic Inputs -0.3V to +5.5V 

Analog Inputs -0.3V to +V|n 

Source/Sink Load Current (each output) 200mA 

Reference Load Current 50mA 

Logic Sink Current 15mA 

Operating Junction Temperature Range 

LT1526 — 55°C to +150°C 

LT3526 0°Cto +125°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, lOsec) + 300°C 


PACKAG€/ORD€R IRFORmATIOR 



TOP VIEW 


ORDER PART 

+ ERROR [T 


18]v RE f 

NUMBER 

-ERROR [7 


2Z]+v, n 


COMPENSATION [7 


7] output b 


CSOFTSTART Gl 


7] GROUND 

LT1526J 

Mset[7 


13 + V COLLECTOR 

LT3526J 

-CURRENT SENSE [7 


7] OUTPUT A 

LT3526N 

♦ CURRENT SENSE [7 


JU SYNC 


SHUTDOWN |7 


3 R DEADTIME 


r timing[7 


i3 C TIMING 


J PACKAGE N PACKAGE 


18 PIN HERMETIC 18 PIN PLASTIC 



R€COmm€RD€D OPCRATIRG COODITIORS (Note 2) 


Input Voltage + 8V to + 35V 

Collector Supply Voltage + 4.5V to +35V 

Sink/Source Load Current (each output) . . . 0mA to 100mA 
Reference Load Current - 5mA to 20mA 


Oscillator Frequency Range 

Oscillator Timing Resistor 

Oscillator Timing Capacitor 

Available Deadtime Range at 40kHz 


1Hz to 400kHz 
,.2kfito150k0 
. . 1 nF to 20pF 
...3% to 50% 


€l€CTRICAl CHARACTERISTICS 


( + V !N = 15V, and over operating junction temperature, unless otherwise specified.) 


PARAMETER 

, CONDITIONS 

MIN 

LT1526 

TYP 

MAX 

MIN 

LT3526 

TYP 

MAX 

UNITS 

REFERENCE SECTION (Note 3) 

Output Voltage 

Tj= +25°C 


4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

+ Vin = 8V to 35V 

• 


2 

10 


2 

15 

mV 

Load Regulation 

Il= -5mA to +20mA 

• 


5 

10 


5 

20 

mV 

Temperature Stability 


• 


15 

50 


15 

50 

mV 

Total Output 

Voltage Range 

Over Recommended 

Operating Conditions 

• 

4.90 

5.00 

5.10 

4.85 

5.00 

5.15 

V 

Short Circuit Current 

Vref = 0V 

• 

25 

50 

100 

25 

50 

100 

mA 

Long Term Stability 

o 

o 

in 

H 

1— 



2 

10 


2 

10 

mVK/khr 

UNDERVOLTAGE LOCKOUT 

RESET Output Voltage 

Vref = 3.8V 

J\ 


0.2 

0.4 


0.2 

0.4 

V 

RESET Output Voltage 

Vref = 4.8V 

7 

2.4 

4.8 


2.4 

4.8 


V 

OSCILLATOR SECTION (Note 4) 

Initial Accuracy 

Tj= +25°C 



±3 

±8 


±3 

±8 

% 

Voltage Stability 

+ Vin = 8V to 35V 

• 


0.5 

1 

j 0.5 1 

% 

Temperature Stability 


• 


1 

3 

1 

1 

3 

% 








LT1526/LT3526 


CUCTRICflL CHARACTERISTICS 


(+ V IN = 15V, and over operating junction temperature, unless otherwise specified.) 


PARAMETER 

CONDITIONS 

MIN 

LT1526 

TYP 

MAX 

MIN 

LT3526 

TYP 

MAX 

UNITS 

OSCILLATOR SECTION (Note 4) 

Minimum Frequency 

R T = 150kQ,C T = 20jiF 

• 

1 

1 

Hz 

Maximum Frequency 

Rr = 2kfl,Cr=1.0nF 

• 

400 

400 

kHz 

Sawtooth Peak Voltage 

+ Vin = 35V 

• 


3.0 

3.5 


3.0 

3.5 

V 

Sawtooth Valley Voltage 

+ Vin = 8V 

• 

0.5 

1.0 


0.5 

1.0 


V 

ERROR AMPLIFIER SECTION (Note 5) 

Input Offset Voltage 

Rs<2kfi 

• 


2 

5 


2 

10 

mV 

Input Bias Current 


• 


-350 

-1000 


-350 

-2000 

nA 

Input Offset Current 


• 


35 

100 


35 

200 

nA 

DC Open Loop Gain 

Rl>10MU 

• 

64 

72 


60 

72 


dB 

High Output Voltage 

Vpinl - Vpjn2^150mV, i source = 100/xA 

• 

3.6 

4.2 


3.6 

4.2 


V 

Low Output Voltage 

Vpin2~ Vpjnl>150mV, Isink = 1 00/tA 

• 


0.2 

0.4 


0.2 

0.4 

V 

Common-Mode Rejection 

Rs<2kfl 

• 

70 

94 


70 

94 


dB 

Supply Voltage Rejection 

+ Vin = 12V to 18V 

• 

66 

80 


66 

80 


dB 

PWM COMPARATOR (Note 4) 

Minimum Duty Cycle 

Vcompensation = + 0.4 V 

• 

0 

0 

% 

Maximum Duty Cycle 

Vcompensation = + 3.6V 

• 

45 

49 


45 

49 


% 

DIGITAL PORTS (SYNC, SHUTD 

DWN, and RESET) 

HIGH Output Voltage 

Isource = 40/tA 

• 

2.4 

4.0 


2.4 

4.0 


V 

LOW Output Voltage 

Isink = 3.6mA 

• 


0.2 

0.4 


0.2 

0.4 

V 

HIGH Input Current 

V| H = +2.4V 

• 


-125 

-200 


-125 

-200 


LOW Input Current 

V|L= +0.4V 

• 


-225 

-360 


-225 

-360 

mA 

CURRENT LIMIT COMPARATOR (Note 6) 

Sense Voltage 

Rs<5012 

• 

90 

100 

110 

80 

100 

120 

mV 

Input Bias Current 


• 


-3 

-10 


-3 

-10 

*A 

SOFT-START SECTION 

Error Clamp Voltage 

RESET = + 0.4V 

• 


0.1 

0.4 


0.1 

0.4 

V 

Cs Charging Current 

RESET = +2.4V 

• 

50 

100 

150 

50 

100 

150 

mA 

OUTPUT DRIVERS (Each Output)(Note 7) 

HIGH Output Voltage 

Isource = 20mA 

• 

12.5 

13.5 


12.5 

13.5 


V 

Isource = 100mA 

• 

12 

13 


12 

13 


V 

LOW Output Voltage 

Isink = 20mA 

• 


0.2 

0.3 


0.2 

0.3 

V 

Isink = 100mA 

• 


1.2 

2.0 


1.2 

2.0 

V 

Collector Leakage 

V c = 40V 

• 


50 

150 


50 

150 

mA 

Rise Time 

Cl= lOOOpF 

• 


0.3 

0.6 


0.3 

0.6 

PS 

Fall Time 

CL = 1000pF 

• 


0.1 

0.2 


0.1 

0.2 

fiS 

POWER CONSUMPTION (Note 8) 

Standby Current 

SHUTDOWN =+ 0.4V 

• 


18 

30 


18 

30 

mA 


The • denotes specifications that apply over the full operating tempera- 
ture range. 

The shaded electrical specifications indicate those parameters which have 
been improved or guaranteed test limits provided for the first time. 

Note 1: Values beyond which damage may occur. 

Note 2: Range over which the device is functional and parameter limits are 
guaranteed. 


Note 3: l L =0mA. 

Note 4: f osc = 40kHz (R T = 4.12kfi ± 1 %, C T = 0.01/iF ±1%, R D = 00). 

Note 5: V CM = 0V to + 5.2V. 

Note 6: V CM = 0 to V !N - 3 V. The current limit sense voltage for the LT1526 is 
80m V < V SENSE < 1 20m V for temperatures less than 0°C or greater than 1 25°C. 
Note 7: V C =+15V. 

Note 8: +V, N = +35V, R T =4.12kSi. 


UW 
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LT1526/LT3526 


TYPICAL PCRFORfflRRCC CHARACT6RISTICS 


Reference Voltage vs Supply 
Voltage 



0 10 20 30 40 

+V| N (V) 


Reference Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Reference Short Circuit Current 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Reference Ripple Rejection 


Current Limit Comparator Transfer 
Function 


Current Limit Comparator Sense 
Voltage 



10 100 Ik 10k 100k 1M 

RIPPLE FREQUENCY (Hz) 


5 

4 

3 

2 

1 

0 


0 20 40 60 80 100 120 140 160 180 200 

DIFFERENTIAL INPUT VOLTAGE (mV) 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Oscillator Period vs Rt and Cj 


Oscillator Frequency Temperature 
Stability 
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LT1526/LT3526 


TYPICAL PCRFORmiMCC CHARACTERISTICS 


Error Amplifier Open Loop Gain vs 
Frequency 




0.5 1 2 5 10 20 50 

Csoftstart(mF) 


Undervoltage Lockout 
Characteristic 



0 1 2 3 4 5 6 

REFERENCE VOLTAGE (V) 


Standby Current vs Supply 

Voltage + Vcollector Current (Note 9) Output Driver Deadtime vs Rq 



0 10 20 30 40 50 

+ V|N (V) 



4 10 20 40 100 200 400 

OSCILLATOR FREQUENCY (kHz) 



0 2 4 6 8 10 12 14 16 18 20 

Rd(Q) 


Output Driver Shutdown Delay 


NOTE 9: TRANSIENT CURRENTS OCCUR WITHIN THE 
OUTPUT STAGES DURING SWITCHING, 
INDEPENDENT OF LOADING. THE GRAPH 
SHOWS THE AVERAGE (DC) VALUE OF THE 
TRANSIENT CURRENTS. 

Output Driver Saturation Voltage 

vs Isink 


Output Driver Saturation Voltage 

vsIsource 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



2 5 10 20 50 100 200 

OUTPUT SINK CURRENT (mA) ■ 


+V C 

-0.5 

-1 0 

-1.5 

-2 0 

-2.5 

2 5 10 20 50 100 200 

OUTPUT SOURCE CURRENT (mA) 
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LT1526/LT3526 


RppucATions mFORmnnon 

FUNCTIONAL DESCRIPTION AND PIN FUNCTION 
Voltage Reference 

The reference regulator (pin 18) supplies a regulated 5.0V 
to all internal circuitry, as well as up to 20mA for external 
circuitry. It is fully active at supply voltages (pin 17) of 8 V 
and greater. 

The LT1526 can operate from a 5 V supply by connecting 
+ % to Vref (pin 18 to pin 17) and maintaining the supply 
between 4.8V and 5.2V. 

Undervoltage Lockout 

The undervoltage lockout circuitry protects both the 
switching regulator and the power devices it controls from 
inadequate supply voltage, which can result in unstable 
control circuitry. If + Vin is too low, the circuit turns off 
the output drivers, holds RESET (pin 5) low and the soft- 
start capacitor in a discharged state. 

Soft-Start 

The soft-start circuitry protects the power devices from 
high surge currents during power supply turn-on by limit- 
ing the available PWM duty cycle. 

When + Vin reaches a sufficient voltage to allow RESET to 
go high, a 100/iA current source charges the external Cs 
capacitor (pin 4) linearly to 5V. The ERROR AMPLIFIER 
output is clamped to 600mV above the Cs voltage, and the 
available duty cycle of the PWM increases linearly. Maxi- 
mum duty cycle is available when the Cs voltage reaches 
about 3V. 

Digital Control Ports 

The three digital control ports are bidirectional. Each port 
can drive TTL and 5 V CMOS logic directly. They can also 
be driven by open-collector TTL, open-drain CMOS, and 
open-collector voltage comparators. 

Driving SYNC (pin 12) low caus es a discharge cycle in the 
oscillator. Driving SHUT DOWN (pin 8) low causes the out- 
puts to turn off. Driving RESET (pin 5) low causes the out- 
puts to turn off and discharges the Cs capacitor. 


Oscillator 

The internal oscillator circuitry sets the frequency of 
operation for the switching regulator. Frequency is set by 
Rj (pin 9), Cj (pin 10), and Rd (pin 11). With Rq = OS i, the 
values for Rj and Cj may be chosen from the oscillator 
period graph. If the desired deadtime is increased, the 
value of Rj may need to be decreased to maintain the de- 
sired frequency. 

The frequency at either output is half that of the oscillator, 
and the frequency at +Vc (pin 14) is equal to the 
oscillator. 

Synchronous Operation 

Two or more switching regulators may be synchronized by 
setting the master to the desired frequency and sharing 
the oscillator signals with the slave u nits. S lave Cj pins 
are tied to the master Cj pin, and slave SYNC pins are tied 
to the master SYNC pin. Slave Rt and Rp pins are left 
open. 

External logic synchronization can be used by setting the 
oscillator period to be 10% longer than the exte rnal c lock 
period, and connecting the external clock to the SYNC pin. 
A periodic low of about 0.5^s wide will lock the oscillator 
to the external frequency. 

Error Amplifier 

The differential input (pins 1 and 2), single-ended output 
(pin 3) transconductance amplifier provides about 70dB of 
gain. The output has an impedance of 2M0, and since all 
voltage gain occurs at the output, the gain characteristics 
can be controlled with shunt reactance to ground. 

Output Drivers 

The totem-pole output drivers can source and sink 100mA 
continuously and 200mA peak. The outputs are driven 
180° out of phase by the flip-flop. Loads can be driven ei- 
ther from the outputs or the + Vc pin. Since large transient 
currents occur within the output stages during switching, 
a resistor is recommended in series with +Vc (pin 14) to 
limit the peak current. The resistor value should be 
+ V C / 200mA. 
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nppucATions inFOflmnnon 

Current Limit 

The current limit comparator turns off the outputs when sis is built into the trip point, of about lOmV, to prevent 
the input voltage (pin 7 to pin 6) exceeds lOOmV. Hystere- oscillations. 


TYPICAL APPLICATION 

Single Ended Supply 


Bipolar Push-Pull Supply 


Driving Transformers Directly 



FOR SINGLE ENDED SUPPLIES, THE DRIVER 
OUTPUTS ARE GROUNDED. THE +V C TER- 
MINAL IS SWITCHED TO GROUND BY THE 
TOTEM POLE SOURCE TRANSISTORS ON 
EVERY OSCILLATOR CYCLE. 


Power FETs Push-Pull Supply 



THE LOW SOURCE IMPEDANCE OF THE 
OUTPUT DRIVERS PROVIDES RAPID CHARG- 
ING OF POWER FET INPUT CAPACITANCE, 
WHILE MINIMIZING EXTERNAL COM- 
PONENTS. 



IN CONVENTIONAL BIPOLAR PUSH-PULL DESIGNS, 
FORWARD BASE DRIVE IS CONTROLLED BY R1-R3. 
RAPID TURN-OFF TIMES FOR THE POWER DEVICES 
ARE ACHIEVED WITH SPEED-UP CAPACITORS Cl 
AND C2. 


Extending Reference Output Current 



TIME, WHEN BOTH ENDS OF THE PRIMARY 
WINDING ARE SWITCHED TO GROUND. 


Oscillator Connections 



LT1526 

Rt c t % 

T9 1 10 




r 


Error Amplifier Connections 



NEGATIVE 

OUTPUT 

VOLTAGE 



_ / R1R2 \ 
' \R1+R2 j 


XTUQS5B 
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PACKflGC DCSCRIPTIOA J Package 

18 Lead Ceramic DIP 
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F€ATUR€S 

■ Automatic Feed-Forward Compensation 

■ Programmable Pulse-by-Pulse Current Limiting 

■ + 1 % Bandgap Reference 

■ Undervoltage Lockout 

■ External Shutdown 

■ Dual 200mA Totem Pole Outputs 

■ Double Pulse Suppression 

■ Soft-Start Capability 

■ Direct Replacement for UC1846, UC1847 


APPLICATION 

■ Switching Power Supplies 

■ Motor Speed Control 

■ Power Converters 


LT1 846/1 847, LT3846/3847 

Current Mode PWM Controller 

DCSCMPTIOn 

The LT1846 family of control ICs contains all necessary 
circuitry to implement fixed frequency, fixed output volt- 
age, current mode control schemes. Current mode control 
loops are easy to design and compensate, and provide 
superior transient line regulation, inherent pulse-by-pulse 
current limiting, and automatic symmetry correction for 
push-pull converters. In addition, the LT1846 has built-in 
undervoltage lockout with hysteresis to prevent oscilla- 
tions near the threshold, soft-start capability, and can be 
shut down instantaneously by an external logic level. In- 
ternal logic prevents double-pulsing and output overlap. 

The oscillator circuitry of the LT1846 allows the user to 
adjust output deadtime as well as frequency and also pro- 
vides a bidirectional sync pin to allow paralleling power 
modules. 

Both the internal error amplifier and current sense ampli- 
fiers operate over a wide common-mode range to allow de- 
sign flexibility. The dual outputs provide active pull up/pull 
down, ideal for driving bipolar or FET switches. The in- 
ternal reference regulator provides excellent stability for 
changes in line, load, and temperature. The LT1846 out- 
puts are low in the off state while the LT1847 outputs are 
high in the off state. 


BLOCK DIAGRAM) 

vin ED" 



XTIUSl 
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LT1 846/1 847, LT3846/3847 


absolute mnximum ratirgs 

(Note 1) 

Supply Voltage (Pin 15) +40V 

Collector Supply Voltage (Pin 13) + 40V 

Output Current, Source or Sink (Pins 11, 14) 500mA 

Analog Inputs (Pins 3, 4, 5, 6, 16) - 0.3V to + Vin 

Reference Output Current (Pin 2) - 30mA 

Sync Output Current (Pin 10) - 5mA 

Error Amplifier Output Current (Pin 7) - 5mA 

Soft Start Sink Current (Pin 1) 50mA 

Oscillator Charging Current (Pin 9) 5mA 

Operating Temperature Range 

LT1 846/1 847 -55°Cto +125°C 

LT3846/3847 0°Cto70°C 

Power Dissipation at Ta = 25°C (Note 2) lOOOmW 

Power Dissipation at Tc = 25°C (Note 3) 2000m W 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60°C/W 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, lOsec) +300°C 


PACKAGE/ORDER IRFORmATIOn 


TOP VIEW 


CURRENT LIMIT/ rr 
SOFTSTART *■— 


¥] SHUTDOWN 

v ref rr 


10 V, N 

(-) CURRENT SENSE [7 


TTJ BOUT 

( + ) CURRENT SENSE [7 


Ovc 

( + ) ERROR AMP[T 


TJJ GROUND 

(-) ERROR AMP |T 


TT] A OUT 

COMPENSATION [7 


To] SYNC 

C T Q[ 


Urt 


J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 


ORDER PART 
NUMBER 


LT1846J 

LT1847J 

LT3846J 

LT3847J 

LT3846N 

LT3847N 


ELECTRICAL CHARACTERISTICS (Note 4) 


PARAMETER 


CONDITIONS 


LT 1 846/LT1 847 

LT3846/LT3847 

MIN TYP MAX 

MIN TYP MAX 


Reference Voltage 


Output Voltage 

Tj = 25°C, l 0 = 1mA 


5.05 

5.10 

5.15 

5.00 

5.10 

cn 

V 

Line Regulation 

V 1N = 8V to 40V 

• 


5 

20 


5 

20 

mV 

Load Regulation 

l L = 1mA to 10mA 

• 


3 

15 


3 

15 

mV 

Temperature Stability 

Over Operating Range, (Note 5) 

• 

0.4 | 

0.4 | 

mV/°C 

Total Output Variation 

Line, Load, and Temperature (Note 5) 

• 

5.00 


5.20 | 

| 4.95 


5.25 | 

V 

Output Noise Voltage 

10Hz < f < 10kHz, Tj = 25°C (Note 5) 


100 

100 

pV 

Long Term Stability 

Tj = 125°C r 1000Hrs., (Note 5) 


5 

5 

mV 

Short Circuit Output Current 

Vref = 0V 

• 

| -10 

-45 


| -10 

-45 


mA 

Oscillator Section 

Initial Accuracy 

Tj = 25°C 


39 

43 

47 

39 

43 

47 

kHz 

Voltage Accuracy 

V, N = 8V to 40V 

• 


-1 

±2 


-1 

±2 

% 

Temperature Stability 

Over Operating Range (Note 5) 

• 

i -i 1 

1 -1 1 

% 

Sync Output High Level 


• 

3.9 

4.35 


3.9 

4.35 


V 

Sync Output Low Level 


• 


2.3 

2.5 


2.3 

2.5 

V 

Sync Input High Level 

Pin 8 = 0V 

• 

3.9 

3.0 


3.9 

3.0 


V 

Sync Input Low Level 

Pin 8 = 0V 

• 


3.0 

2.5 


3.0 

2.5 

V 

Sync Input Current 

Sync Voltage = 5.25V, Pin 8 = 0V 

• 


0.7 

1.5 


0.7 

1.5 

mA 

Error Amp Section 

Input Offset Voltage 


• 


0.5 

5 


0.5 

10 

mV 

Input Bias Current 


• 


-0.6 

-1 


-0.6 

-2 

/iA 

Input Offset Current 


• 


40 

250 


40 

250 

nA 

Common-Mode Range 

V| N = 8V to 40V 

• 

0 


Vin-2V 

0 


Vin-2V 

V 
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ELECTRICAL CHARACTERISTICS (Note 4) 


PARAMETER 

CONDITIONS 

LT1846/LT1847 

LT3846/LT3847 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Error Amp Section (Cont.) 

Open Loop Voltage Gain 

AV 0 = 1.2V to 3 V 

• 

80 

105 


80 

105 


dB 

Unity Gain Bandwidth 


• 

0.7 

1.0 


0.7 

1.0 


MHz 

CMRR 

V C m = OV to 38V, V, N = 40V 

• 

75 

100 


75 

100 


dB 

PSRR 

V IN = 8 V to 40V 

• 

80 

105 


80 

105 


dB 

Output Sink Current 

V, D = -15mVto ~5V, Vp in7 = 1.2V 

• 

2 

6 


2 

6 


mA 

Output Source Current 

V| D = 15mV to 5V, Vpi n 7 = 2.5 V 

• 

-0.4 

-0.5 


-0.4 

-0.5 


mA 

High Level Output Voltage 

R l (Pin 7) = 15kB 

• 

4.3 

4.6 


4.3 

4.6 


V 

Low Level Output Voltage 

R L (Pin 7) = 15kfi 

• 

0.7 1 

0.7 1 

V 

Current Sense Amplifier Section 

Amplifier Gain 

V pj n 3 = 0V, Pin 1 0pen (Notes 6 & 7) 

• 

2.5 

2.8 

3 

2.5 

2.8 

3 

V/V 

Maximum Differential 

Input Signal (V Pin 4 - V Pin3 ) 

Pin 1 0pen (Note 6 ) 

R L (Pin 7) = 15kfl 

• 

1.1 

1.2 

.. 

1.1 

1.2 


V 

Input Offset Voltage 

Vpini = 0.5V 

Pin 7 Open (Note 6 ) 

• 


5 

25 


5 

25 

mV 

CMRR 

V CM = IV to 12V 

• 

60 

83 


60 

83 


dB 

PSRR 

V, N = 8 V to 40V 

• 

60 

84 


60 

84 


dB 

Input Bias Current 

V Pin ! = 0.5V, Pin 7 Open (Note 6 ) 

• 


-2.5 

-10 


-2.5 

-10 

/xA 

Input Offset Current 

V Pin ! = 0.5V, Pin 7 Open (Note 6 ) 

• 


0.08 

1 


0.08 

1 

aA 

Input Common-Mode Range 


• 

0 


Vin-3 

0 


Vin-3 

V 

Delay to Outputs 

Tj = 25°C, (Note 5) 



200 

500 


200 

500 

ns 

Current Limit Adjust Section 

Current Limit Offset 

Vpin 3 = 0V 

V Pin 4 = 0V, Pin 7 Open (Note 6 ) 

• 

0.45 

0.5 

0.55 

0.45 

0.5 

0.55 

V 

Input Bias Current 

Vpi „5 = V RE F,V Pin6 = 0V 

• 


-10 

-30 


-10 

-30 


Shutdown Terminal Section 

Threshold Voltage 


• 

250 

350 

400 

250 

350 

400 

mV 

Input Voltage Range 


• 

0 


V|N 

0 


V|N 

V 

Minimum Latching Current 
(■pint) 

(Note 8 ) 

• 

3.0 

1.5 


3.0 

1.5 


mA 

Maximum Non-Latching 
fern) 

(Note 9) 

• 


1.5 

0.8 


1.5 

0.8 

mA 

Delay to Outputs 

(Note 5), Tj = 25°C 



300 

600 


300 

600 

ns 

Output Section 

Collector-Emitter Voltage 


• 

40 

40 

V 

Collector Leakage Current 

V c = 40V (Note 10) 

• 

200 

200 

/iA 

Output Low Level 

■sink = 20mA 

• 


0.1 

0.4 


0.1 

0.4 

V 


•sink = ‘•OOmA 

• 


0.4 

2.1 


0.4 

2.1 


Output High Level 

■source = 20mA 

• 

13 

13.5 


13 

13.5 


V 


■source = 100mA 

• 

12 

13.5 


12 

13.5 



Rise Time 

(Note5), C L = 1nF,Tj = 25°C 



50 

300 


50 

300 

ns 

Fall Time 

(Note5),C L = 1nF,Tj = 25°C 



50 

300 


50 

300 

ns 

Undervoltage Lockout Section 

Start-Up Threshold 


• 


7.7 

8.0 


7.7 

8.0 

V 

Threshold Hysteresis 


• 

0.75 

0.75 

V 

Total Standby Current 

Supply Current 

(Note 11) 

• 


17 

21 


17 

21 

mA 


XTIflS SB 
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The • denotes the specifications that apply over the full operating tem- 
perature range. 

Note 1: All voltages are with respect to Ground, pin 12. Currents are posi- 
tive into, negative out of the specified terminal. 

Note 2: Derate at 10mW/°C for T A above 50°C. 

Note 3: Derate at 1 6mW/°C for T c above 25°C. 

Note4: Unless otherwise stated V iN = 15V, R T = 10k, C T = 4.7nF. 

Note 5: These parameters, although guaranteed over the recommended 
operating conditions are not 100% tested in production. 

Note 6: Parameter measured at trip point of latch with V Pin5 = V REF , 

Vpine = 0V. 


Note 7: Amplifier gain defined as 

G = ^BaZ;AVpi „4 = 0Vto1.0V 
AVpj n 4 

Note 8: Current into pin 1 guaranteed to latch circuit in shutdown state. 
Note 9. Current into pin 1 guaranteed not to latch circuit in shutdown state. 
Note 10: Applies to LT1846/3846 only due to polarity of outputs. 

Note 1 1 : Standby currrent does not include oscillator charging current, er- 
ror and current limit dividers, and the outputs are open circuit. 


topical pcrforrirrcc chrrrctcristics 


Standby Current vs Vin 



0 5 10 15 20 25 30 35 40 


V|N (V) 


Reference Voltage vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Output Rise and Fall Time 



TIME (50ns/DIV) 


Output High Level Saturation 
Voltage vs Output Source 



0 20 40 60 80 100 120 140 160 180 200 

OUTPUT SOURCE CURRENT (mA) 


Output Low Level Saturation 
Voltage vs Output Sink Current 
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OUTPUT SINK CURRENT (mA) 


Error Amp Open-Loop DC Gain 
vs Load Resistance 



0 10 20 30 40 50 60 70 80 90 100 

OUTPUT LOAD RESISTANCE, R L (kQ) 
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typical PCRFORmnnce chrrrctcristics 


Oscillator Frequency vs 
Temperature 

6 1 — t — | — | — | — t — r 


I TEMPERATURE COEFFICIENT 
[ OF R t ,C t = 0 



cc 


_0 I I I I i I I I I I 

-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Reference Current Limit 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Current Limit Offset vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Current Sense Amplifier Gain 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Error Amplifier Gain and Phase 
vs Frequency 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


nppucflTions mFORmnnon 

Current Mode Control 

Current mode controllers directly control peak inductor 
current with the error signal rather than controlling the 
duty cycle of the PWM as conventional controllers do. 
There are several inherent advantages in this type of 
control. 

Current mode controllers are easier to frequency compen- 
sate. Peak inductor current is forced to follow the error 
signal and can change only if the error signal changes. 
This forces the inductor to act like a constant current 
source at mid frequencies and the order of the system can 
be reduced by one, eliminating 90° of phase shift. 


Peak current on a pulse-by-pulse basis can be limited by 
simply limiting the positive swing of the error amplifier. 

Transient line regulation is greatly improved. A change in 
the line voltage causes a change in the slope of the induc- 
tor current. This means that the time it takes for the induc- 
tor current to reach the peak control value automatically 
changes, and requires very little change in the output of 
the error amp. Since transient response is limited by the 
integrator response of the error amplifier, excellent line 
transient response is obtained if the error amplifier output 
does not have to change. 


XTUQS® 
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applicators mFORmnnon 

With current mode control, some amount of slope com- 
pensation is required to prevent oscillations for duty cy- 
cles greater than 50%. Slope compensation can also be 
used to decrease noise sensitivity for low values of induc- 
tor current ripple, and to prevent subharmonic oscillations 
in the inductor current. 

Shutdown/Soft Start 

A logic high at pin 16 will initiate a shutdown cycle. During 
a shutdown cycle, both outputs are held off and pins 1 and 
7 are pulled low. If pin 1 current (lpi n i = Vref/Ri) is less 
than the latch threshold current, typically 1.5mA (see Elec- 
trical Characteristics), the device will restart at the end of 
the shutdown pulse. If pin 1 current is greater than the 
latch threshold current, the device will latch off until 
power is recycled. 


V REF 


C* | R1 

II 1 1 

CURRENT 

l L 

LIMIT 



i 16 

SHUTDOWN 

J1 



Soft start is accomplished by the addition of a capacitor 
from pin 1 to ground. This forces the peak value of the 
switch current to come up slowly. Pin 16 can be left float- 
ing if the shutdown function is not used. 

Undervoltage Lockout 

The purpose of the undervoltage lockout is to prevent the 
device from switching until the internal circuitry is operat- 
ing properly. Built-in hysteresis prevents the circuit from 
oscillating at the threshold point. Pin 1 (current limit ad- 
just) and pin 7 (comp) are held low during undervoltage 
lockout, and outputs are low (LT1846) or high (LT1847). 


Output Switches 

ON 

OFF 

6 7 8 9 

V| N (V) 



Oscillator Section 

The frequency of the oscillator is set by an external resis- 
tor (Rt) from pin 9 to ground, and an external capacitor (Cy) 
from pin 8 to ground. Cj is charged by a constant current 
|r t = Vpin 9 (»3.6V)/Ry, and is discharged by a constant 
current 8 mA - Ir t . Upper and lower trip levels are 
determined by the internal circuitry, such that the oscilla- 
tor frequency is approximated by the formula 


Rt( 8 )C t (F) ' 


In addition, output deadtime, which is equal to the capaci- 
tor discharge time, is a function of the size of Cy and can 
be calculated according to the formula: 


T d * 220C T / 


8mA 


l 8mA - — 

V Rt 


For large values of Rj (small Irt): Td * 220Cy. 

Note that these formulas are approximations based on a 
1 ,75V swing at the Cy pin, and a discharge current of 8 mA. 
Variations in the value of the discharge current will obvi- 
ously cause the deadtime to vary. For very short dead- 
times, fixed internal delays of approximately 100 ns must 
also be added to the calculated value. Capacitor values 
less than lOOOpF or deadtimes of less than 300ns are not 
recommended. This is due to the fact that at extreme cold 
temperatures the oscillator deadtime may become shorter 
than the time required to reset the current sense latch. 
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flppucmrions mFOftmfflion 

Current Limit 

Peak switch current on a pulse-by-pulse basis is a function 
of the voltage level set at pin 1 and the current sense re- 
sistor Rs, and can be determined by the formula: 

I R2Vref_ Q5V q = l/A GAIN = 2.75 TYP 

R1 + R2 

G«Rs 



Current Sensing 

The current sense amplifier is a differential amplifier with 
a gain of 3 and a common-mode range of 0 to V|n- 3V. 
Maximum differential input signal is 1.2V. Several sensing 
schemes are possible. Direct resistive sensing is the 
simplest, but power losses in the resistor may not be 
acceptable. The use of a current sense transformer will 
increase efficiency for higher current levels, but will 
increase circuit complexity. In configurations where 
switch current is sensed, a small RC may be necessary 
to keep switch turn on transients from tripping the current 
sense latch. Without this filter, erratic operation will result 
especially at lower values of output current. Minimum on- 
time of the output switch during a short circuit is equal to 
the delay from the current sense amplifier to the output, 
typically 200ns. This delay will be longer if a filter for 
switch transients is added. For best noise immunity, the 
signal at the current sense amplifier inputs should be as 
large as possible. 

Resistive Sensing of Switch Current with RC Filter 



Transformer Sensing Gives Isolation and Improved Efficiency 



Error Amplifier 

The error amplifier of the LT1846 can operate over a com- 
mon-mode range of 0 to Vin-2V. The output stage con- 
sists of an NPN Darlington pull-down and a 0.5mA current 
source pull-up. See Typical Performance Characteristics 
for gain and phase characteristics. 

Reference Regulator 

The reference regulator provides a fixed 5.1V for internal 
circuitry as well as up to 20mA of output current for ex- 
ternal circuitry such as the current limit divider. A small 
bypass capacitor (0.1-1.(fyF) from the reference pin (pin 2) 
to the ground pin (pin 12) is recommended. This capacitor 
should be located as close as possible to the device. 

Slope Compensation 

Slope compensation can be accomplished by summing a 
triangle wave derived from the oscillator waveform, with 
the inductor current waveform at the current sense am- 
plifier input or the summing node of the error amplifier as 
shown below. Slope compensation should be greater than 
1/2 of the downslope of the inductor current waveform. 



XTUBSi 
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TYPICAL APPLICATION CIACUIT 


Push-Pull Foward Converter 



PACKAGC DCSCAIPTIOA 


Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

16-Lead Ceramic DIP 




T jmax 

©jA 

®jC 

LT1846 

LT1847 

150°C 

100°C/W 

60°C/W 

LT3846 

LT3847 

105°C 

100°C/W 

60°C/W 


N Package 
16-Lead Plastic DIP 
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SECTION 6-COMPARATORS 

INDEX 

SELECTION GUIDE 

PROPRIETARY PRODUCTS 

L T685, High Speed Comparator 

LT1011, Voltage Comparator 

LT1015, High Speed Dual Line Receiver 

LT1016, Ultra Fast Precision Comparator 

L T1016CS8, Ultra Fast Precision Comparator 

LT1017, Micropower Dual Comparator 

LT1018, Micropower Dual Comparator 

LT1017CS/LT1018CS, Micropower Dual Comparator 

L TC 1040, Dual Micropower Comparator 

LTC1 041, BANG-BANG Controller 

LTC1042, Window Comparator 

ENHANCED AND SECOND SOURCE PRODUCTS 

LM 111 /LM31 1 , Voltage Comparator 

L T1 1 1A/L T311A, Improved LM111 

LM 1 1 9/LM31 9, Dual Comparator 

LT119A/LT319A, Improved LM119 
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13-6 

6-25 

6-41 

6-45 

6-45 

6-53 

6-57 

6-69 

6-77 

6-85 

6-85 

6-93 

6-93 
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untAH 

TECHNOLOGY 


miUTAAV 


PART NUMBER 

RESPONSE 

TIME 

MAX 

(ns) 

v os 

MAX 

(mV) 

•b 

MAX 

(nA) 

DRIVE 

CAPABILITY 

(mA) 

GAIN 

MIN 

(V/mV) 

•supply 

POSITIVE 

(mA) 

•supply 

NEGATIVE 

(mA) 

PACKAGES 

AVAILABLE 

IMPORTANT FEATURES 

LT1011AM 

250 

0.5 

25 

50 

200 

4.0 

2.5 

H, J8 

Low V os , Low l B , High Output Drive, 

12 Bit Acc. 

LT1011M 

250 

1.5 

50 

50 

200 

4.0 

2.5 

H, J8 

LT1016M 

12 

±2.5 

10000 

10 

2 

35 

5 

H, J8 

Ultra High Speed, TTL Outputs, True 

Output Latch, Stable in Active Region, 
Pin/Pin Replacement for AM686. 

LT1017M 

- 

1 

15 

30 

1000 

0.060 

- 

H, J8 

LT1017 Has Lowest Supply Current, 

LT1018 is Faster. Both are Dual 
Comparators with Same Pin-Out as 193 
Types. 

LT1018M 

- 

1 

75 

35 

1000 

0.250 

~ 

H, J8 

LT111A 

250 

1.0 

100 

50 

200 

4.0 

2.5 

H, J8 

Low V os , High Gain 

LM111 

- 

3.0 

100 

50 

40 

6.0 

5.0 

H, J8 

General Purpose 

LT119A 

80 (typ) 

1.0 

500 

25 

20 

11.5 

4.5 

H, J 

Dual, Low V os , HiCMRR 

LM119 

80 (typ) 

4.0 

500 

25 

10 

11.5 

4.5 

H, J 

Dual, General Purpose 

LTC1040M 

100/xS 

0.5 

3 

* 

t 

300nA** 

InA 

J 

CMOS Sampling Comparator 

LTC1041M 

100/iS 

0.5 

0.3 

10 


3 

- 

J8, N8 

CMOS Bang-Bang Controller 

LTC1042M 

100/lS 

1.0 

3 

* 

t 

300nA* * 

InA 

J8 

CMOS Window Comparator 

LT685M 

6.5 

±2.0 

10000 

ft 

1.6 typ 

22 

26 

H, J 

Ultra High Speed, ECL Outputs, Output 
Latch, External Hysteresis Control 


commeAciAL 


PART NUMBER 

RESPONSE 

TIME 

MAX 

(ns) 

Vos 

MAX 

(mV) 

•b 

MAX 

(nA) 

DRIVE 

CAPABILITY 

(mA) 

GAIN 

MIN 

(V/mV) 

•supply 

POSITIVE 

(mA) 

•supply 

NEGATIVE 

(mA) 

PACKAGES 

AVAILABLE 

IMPORTANT FEATURES 

LT1011AC 

250 

0.5 

25 

50 

200 

4.0 

2.5 

H,J8, N8 

Low V os , Low l B , High Output Drive, 12 

Bit Acc. 

LT1011C 

250 

0.5 

50 

50 

200 

4.0 

2.5 

H,J8, N8 

LT1016C 

12 

±2.5 

10000 

10 

2 

35 

5 

H,J8,S8 

Ultra High Speed, TTL Outputs, True 

Output Latch, Stable in Active Region, 
Pin/Pin Replacement for AM686. 

LT1017C 

- 


15 

30 

1000 

0.060 

- 

H,S 

LT1017 Has Lowest Supply Current, 

LT1018 is Faster. Both are Dual 
Comparators with Same Pin-Out as 193 
Types. 

LT1018C 

~ 

1 

75 

35 

1000 

0.250 


H,S 

LT311A 

250 

1.0 

100 

50 

200 

4.0 

2.5 

H,J8 

Low V os , High Gain 

LM311 

- 

7.5 

250 

50 

40 

7.5 

5.0 

H,J8 

General Purpose 

LT319A 

80 (typ) 

1.0 

500 

25 

20 

12.5 

5.0 

H, J, N 

Dual, Low V os , HiCMRR 

LM319 

80 (typ) 

8.0 

1000 

25 

8 

12.5 

5.0 

H, J, N 

Dual, General Purpose 

LTC1040C 

100/iS 

0.5 

3 

* 

t 

300nA** 

InA 

J, N, S 

CMOS Sampling Comparator 

LTC1041C 

lOO^s 

0.5 

0.3 

10 

- 

3 

- 

J8, N8 

CMOS Bang-Bang Controller 

LTC1042C 

100/lS 

1.0 

3 

* 

t 

300nA** 

InA 

J, N8 

CMOS Window Comparator 

LT685C 

6.5 

±2.0 

10000 

tt 

1.6 typ 

22 

26 

H, J, N 

Ultra High Speed, ECL Outputs, Output 
Latch, External Hysteresis Control 


* 1 Std.TTL Load. 

* * Supply Current Depends on Clock Rate, 
t Gain errors are included in V os spec, 
ft Can drive terminated 50Q transmission lines. 


u\m, 
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/rufm 

TECHNOLOGY 


LT685 


High Speed Comparator 


F€ATUR€S 


DCSCRIPTIOA 


■ Ultra Fast (5.5ns typ) 

■ Complementary ECL Output 

■ 5012 Line Driving Capability 

■ Low Offset Voltage 

■ Output Latch Capability 

■ External Hysteresis Control 

■ Pin Compatible with Am685 


RPPUCRTIORS 

■ High Speed A to D Converters 

■ High Speed Sampling Circuits 

■ Oscillators 


The LT685 is an ultra-fast comparator with differential in- 
puts and complementary outputs fully compatible with 
ECL logic levels. The output current capability is adequate 
for driving transmission lines terminated in 50fl. The low 
input offset and high resolution make this comparator 
ideally suited for analog-to-digital signal processing 
applications. 

A latch function is provided to allow the comparator to be 
used in a sample-hold mode. When the latch enable input 
is ECL high, the comparator functions normally. When the 
latch enable is driven low, the comparator outputs are 
locked in their existing logical states. If the latch function 
is not used, the latch enable must be connected to ground 
or ECL high. 

The device is pin-compatible with the Am685. Hysteresis 
has been added to improve switching time with slow input 
signals as well as to minimize oscillation. A single resistor 
between the hysteresis pin and V“ adds input hysteresis 
voltage as more current is drawn. If hysteresis is not re- 
quired, the pin can be left unconnected. 


TYPICAL APPLICATION) 


Comparator with Hysteresis 


Hysteresis 


6V 




100 200 500 Ik 2k 5k 10k 

RESISTANCE (0) 


rjwm 

JL*/ TECHNOLOGY 


6-5 




LT685 


absolute mnximum aatiags 


PACKAG€/ORD€R IRFORfflRTIOR 


Positive Supply Voltage... 
Negative Supply Voltage.. 

Input Voltage 

Differential Input Voltage . 

Latch Pin Voltage 

Hysteresis Pin Voltage.... 

Output Current 

Power Dissipation (Note 1) 
Operating Temperature 

LT685C 

LT685M 


7V 

-7 V 

±4V 

±6V 

2V to V — 

OVtoV- 

30mA 

500mW 

. -30°C<T A <85°C 
-55°C<T a <125°C 



ORDER PART 
NUMBER 


LT685CH 

LT685MH 


H PACKAGE 
TO-5 METAL CAN 


TOP VIEW 


GND #1 [T 

V+ [7 

NON-INVERTING pr 
INPUT Li. 
INVERTING INPUT [7 

NC [7 

LATCH p— 

enable LI 
NC [7 
v- [7 


77 “ 




jU GND #2 
T|| NC 
TT] NC 

3U NC 
7] Q OUTPUT 
IT] Q OUTPUT 

To] NC 

7| HYSTERESIS 


LT685CJ 

LT685CN 

LT685MJ 


J PACKAGE N PACKAGE 

HERMETIC DIP MOLDED DIP 


CLCCTRICAL CHARACTERISTICS 

V+ = 6.0V, V - = - 5.2V, Vt = - 2.0V, Rl = 50S, R = » over the operating temperature ranges, unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT685C 

MIN TYP MAX 

LT685M 

MIN TYP MAX 

UNITS 

v OS 

Input Offset Voltage 

T a = 25°C 

1.0 ±2.0 

1.0 ±2.0 

mV 




±2.5 

±3.0 

mV 

dVos/dT 

Input Offset Voltage Drift 

(Note 2) 

±10 

±10 

nWC 

•os 

Input Offset Current 

T a = 25°C 

0.3 ±1.0 

0.3 ±1.0 





±1.3 

±1.6 

mA 

•b 

Input Bias Current 

T a = 25°C 

5 10 

5 10 

mA 




13 

16 

/iA 

Rin 

Input Resistance 

T A = 25°C(Note 2) 

6.0 

6.0 

k 0 

C IN 

Input Capacitance 

T A = 25°C(Note2) 

3.0 

3.0 

PF 

V C M 

Input Voltage Range 


±3.3 

±3.3 

V 

CMRR 

Common-Mode Rejection 


80 

80 

dB 

SVRR 

Supply Voltage Rejection 


70 

70 

dB 

VOH 

Output High Voltage 

T a =25°C 

-0.960 -0.810 

-0.960 - 0.810 

V 



Ta=Tmin 

-1.060 -0.890 

-1.100 -0.920 

V 



Ta=T M ax 

-0.890 -0.700 

-0.850 -0.620 

V 

V 0 L 

Output Low Voltage 

T a = 25°C 

-1.850 -1.650 

-1.850 -1.650 

V 



Ta=Tmin 

-1.890 -1.675 

-1.910 -1.690 

V 



Ta=Tmax 

-1.825 -1.625 

-1.810 -1.575 

V 

1 + 

Positive Supply Current 


22 

22 


I" 

Negative Supply Current 


26 

26 

■K 

P DISS 

Power Dissipation 


300 

300 
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SWITCHING CHARACTERISTICS (V in = 100mV step, 5mV overdrive) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT685C 

TYP 

MAX 

MIN 

LT685M 

TYP 

MAX 

UNITS 

tpD 

Propagation Delay (Note 3) 

T a = 25°C 

4.5 

5.5 

6.5 

4.5 

5.5 

6.5 

ns 



Ta = T M ax 

5.0 


9.5 

5.5 


12 

ns 



Ta-T min 

4.0 


6.5 

3.5 


6.5 

ns 

tpD(E) 

Latch Enable to 

T a = 25°C 

4.5 

5.5 

6.5 

4.5 

5.5 

6.5 

ns 


Output Delay (Note 2) 

Ta = Tmax 

5.0 


9.5 

5.5 


12 

ns 



t a=Tmin 

4.0 


6.5 

3.5 


6.5 

ns 

k 

Minimum Set-Up Time (Note 2) 

T M | N <T a <25°C 



3.0 



3.0 

ns 



T A = T max 



4.0 



6.0 

ns 


Minimum Hold Time (Note 2) 

Tmin^T a <T max 

! i.o | 

| 1.0 

ns 

tpW(E) 

Minimum Latch Enable 

Tmin^T a <25°C 



3.0 



3.0 

ns 


Pulse Width (Note 2) 

Ta = Tmax 



4.0 



5.0 

ns 


Note 1 : For the metal can package, derate at 6.8mW/°C for operation at 
ambient temperatures above + 100°C; for the hermetic dual-in-line 
package, derate at 9mW/°C for operation at ambient temperatures above 
+ 105°C. 

Note 2: Guaranteed by design, but not tested. 

Note 3: Sample tested at 25°C only. 

Definitions: 

tpo: The propagation delay measured from the time the input signal crosses 
the input offset voltage to the 50% point of the output transition. 


tpD<E>: The propagation delay measured from the 50% point of the latch en- 
able signal positive transition to the 50% point of the output transition. 
t s : The minimum time before the negative transition of the latch enable 
signal that an input signal change must be present in order to be acquired 
and held at the outputs. 

t H : The minimum time after the negative transition of the latch enable 
signal that the input signal must remain unchanged in order to be acquired 
and held at the outputs. 

tpw<E) : The minimum time that the latch enable signal must be HIGH in 
order to acquire and hold an input signal change. 


scHcmATic diagram 



/Turm 
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TVPICAl PERFORmnnce characteristics 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Hysteresis as a Function of 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


PACKAGC DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 

H Package 

10 Lead TO-S Metal Can 



NOTE' 

1. LEAD DIAMETER IS UNCONTROLLED BETWEEN THE REFERENCE PLANE AND SEATING PLANE. 


J Package 
16Lead Cerdip 


N Package 
16 Lead Molded DIP 
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JKhmP TECHNOLOGY 

F€ATUR€S 


Voltage Comparator 

DcscmpTion 


■ Pin-Compatible with LM111 Series Devices 

■ Guaranteed Max. 0.5mV Input Offset Voltage 

■ Guaranteed Max. 25nA Input Bias Current 

■ Guaranteed Max. 3nA Input Offset Current 

■ Guaranteed Max. 250ns Response Time 

■ Guaranteed Min. 200,000 Voltage Gain 

■ 50mA Output Current Source or Sink 

■ ±30V Differential Input Voltage 

■ Fully Specified for Single +5V Operation 


APPUCOTIOnS 

■ SAR A to D Converters 

■ Voltage to Frequency Converters 

■ Precision R/C Oscillator 

■ Peak Detector 

■ Motor Speed Control 

■ Pulse Generator 

■ Relay/ Lamp Driver 


The LT1 01 1 is a general purpose comparator with signifi- 
cantly better input characteristics than the LM111. 
Although pin-compatible with the LM111, it offers four 
times lower bias current, six times lower offset voltage, 
and five times higher voltage gain. Offset voltage drift— a 
previously unspecified parameter— is guaranteed at 
15/xV/°C. Additionally, the supply current is lower by a 
factor of two with no loss in speed. The LT101 1 is several 
times faster than the LM111 when subjected to large 
overdrive conditions. It is also fully specified for DC 
parameters and response time when operating on a 
single +5V supply. These parametric improvements 
allow the LT1011 to be used in high accuracy ( > 12-bit) 
systems without trimming . In a 1 2-bit A to D application , 
for instance, using a 2mA DAC, the offset error intro- 
duced by the LT1011 is less than 1/2 LSB. The LT1011 
retains all the versatile features of the LM1 1 1 , including 
single 3 V to ± 18V supply operation, and a floating tran- 
sistor output with 50mA source/sink capability. It can 
drive loads referenced to ground, negative supply or 
positive supply, and is specified up to 50V between V - 
and the collector output. A differential input voltage up to 
the full supply voltage is allowed, even with ± 18V sup- 
plies, enabling the inputs to be clamped to the supplies 
with simple diode clamps. 



10/*$ 12-Bit A-D Converter 
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absolute moximum fumnGs package/oadea inFORmmion 


Supply Voltage (pin 8 to pin 4) 36V 

Output to Negative Supply (pin 7 to pin 4) 

LT1011AM, LT1011M 50V 

LT1011AC, LT1011C 40V 

Ground to Negative Supply 

(pin 1 to pin 4) 30V 

Differential Input Voltage ±36V 

Voltage at Strobe Pin (pin 6 to pin 8) 5 V 

Input Voltage (Note 1) Equal to Supplies 

Output Short Circuit Duration 10 sec. 

Operating Temperature Range (Note 2) 

LT1011AM/LT1011M -55°Cto125°C 

LT101 1AC/LT101 1C 0°Cto70°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



H PACKAGE 
TO-5 METAL CAN 


ORDER PART 
NUMBER 


LT1011AMH 

LT1011MH 

LT1011ACH 

LT1011CH 


GROUND (T ' 
INPUT [T ■ 
INPUT [T ■ 

v-|T 



l]v+ 

T\ OUTPUT 
JJ BALANCE/STROBE 
5] BALANCE 


NOTE PIN 4 CONNECTED TO CASE. 
J8 PACKAGE 8 PIN CERDIP 
N8 PACKAGE 8 PIN PLASTIC 


LT1011AMJ8 

LT1011MJ8 

LT1011ACJ8 

LT1011CJ8 

LT1011ACN8 

LT1011CN8 


ELECTRICAL CHARACTERISTICS V S = ±15V, Vcm = 0V, R s = 0, Tj = 25°C, V, = —15V, 

output at pin 7 unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1011AM/LT1011AC 

MIN TYP MAX 

LT1011M /LT1011C 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

Note 3 



0.3 

0.5 


0.6 

1.5 

mV 




• 



1.0 



3.0 

mV 

V 0S 

* Input Offset Voltage 

R s <50kfl (Note 4) 




0.75 



2.0 

mV 




• 



1.5 



3.0 

mV 

•os 

* Input Offset Current 

Note 4 



0.2 

3 


0.2 

4 

nA 



• 



5 



6 

nA 

lb 

Input Bias Current 

Note 3 



15 

25 


20 

50 

nA 

lb 

* Input Bias Current 

Note 4 



20 

35 


25 

65 

nA 




• 



50 



80 

nA 

AVqs 

Input Offset Voltage Drift 

Tmin^T^Tmax 

• 


4 

15 


4 

25 

/iV/°C 

AT 

(Note 5) 










> 

* Large Signal Voltage Gain 

R L =1kfito +15V, 
-10 V<V out <14.5V 


200 

500 


200 

500 


V/ mV 



R l = 5000 to + 5V, 
0.5 V<V out ^4.5V 


50 

300 


50 

300 


V/mV 

CMRR 

Common- Mode Rejection Ratio 



94 

115 


90 

115 


dB 


‘input Voltage Range 

V s = ±15V 

1 

• 

-14.5 


13 

-14.5 


13 

V 


(Note 8) 

V s = Single +5V 

• 

0.5 


3.0 

0.5 


3.0 

V 

Td 

* Response Time 

Note 6 



150 

250 


150 

250 

ns 

VOL 

* Output Saturation Voltage 

V, n =5 mV, 1 sink = 8mA 

• 


0.25 

0.4 


0.25 

0.4 

V 



V|=0, 1 sink = 50 mA 

• 


0.7 

1.5 


0.7 

1.5 

V 


* Output Leakage Current 

V, N = 5mV, VI = -15V 



0.2 

10 


0.2 

10 

nA 



V out = 35V (25V for LT1 01 1C) 

• 



500 



500 

nA 


* Positive Supply Current 




3.2 

4.0 


3.2 

4.0 

mA 


* Negative Supply Current 




1.7 

2.5 


1.7 

2.5 

mA 


* Strobe Current 

Minimum to Ensure Output 
Transistor is Off 


500 

500 



Input Capacitance 



6 

6 

PF 


* indicates parameters which are guaranteed far a!! oupply voltages, including a single 5 V supply. See Note 4. 
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The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Inputs may be clamped to supplies with diodes so that max- 
imum input voltage actually exceeds supply voltage by one diode drop. 
See Input Protection in applications section. 

Note 2: Tj max = 150°C for the LT101 1 AM /LT101 1 M and 95°C for 
the LT1011AC/LT1011C. 

Note 3: Output is sinking 1 .5mA with V 0UT =0V. 

Note 4: These specifications apply for all supply voltages from a single 
+ 5V to ± 15V, the entire input voltage range, and for both high and 
low output states. The high state is l S)NK >100/iA, V 0 ut^(V + -IV) 
and the low state is l S | NK <8mA, V 0 ut^0.8V. Therefore, this 
specification defines a worst-case error band that includes effects due 
to common-mode signals, voltage gain, and output load. 


Note 5: Drift is calculated by dividing the offset voltage difference 
measured at min and max temperatures by the temperature difference. 
Note 6: Response time is measured with a lOOmV step and 5mV over- 
drive. The output load is a 50012 resistor tied to +5V. Time measure- 
ment is taken when the output crosses 1 AM. 

Note 7: Do not short the strobe pin to ground. It should be current 
driven at 3mA to 5mA for the shortest strobe time. Currents as low as 
500/xA will strobe the LT111A if speed is not important. External 
leakage on the strobe pin in excess of 0.2/iA when the strobe is “off” 
can cause offset voltage shifts. 

Note 8: See graph, Input Offset Voltage vs Common-Mode Voltage. 


TYPICAL PCRFORfARnCC CHARACTERISTICS 


Input Bias Current Input Offset Current Worst-Case Offset Error 



TEMPERATURE (°C) TEMPERATURE (°C) SOURCE RESISTANCE (fi) 



Input Characteristics* Common-Mode Limits 



Transfer Function (Gain) 



DIFFERENTIAL INPUT VOLTAGE (mV) 


XTIIG® 
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INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) 


LT101 1/LT101 1A 


topical pcufOAmnncc chaaactcaistics 


Response Time— Response Time— Collector Output Saturation 

Collector Output Collector Output Voltage 



0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 SINK CURRENT (mA) 

TIME (ns) TIME (ns) 


Response Time Using GND Pin Response Time Using GND Pin Output Limiting 

as Output as Output Characteristics* 



01234 01234 0 5 10 15 


TIMERS) TIMERS) OUTPUT VOLTAGE (V) 


Supply Current vs Supply 

Voltage Supply Current vs Temperature Output Leakage Current 




SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


6-12 


XTIBS® 


POWER DISSIPATION (W) 










LT101 1/LT101 1A 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


Output Saturation— 
Ground Output 



Output Saturation Voltage 



INPUT OVERDRIVE (mV) 


Response Time vs Input Step 
Size 



01 23456789 10 

INPUT STEP (V) 


Input Offset Voltage vs Common- 

Mode Voltage Offset Pin Characteristics 


Tj = 

25°( 
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application mfORmnnon 

Preventing Oscillation Problems 

Oscillation problems in comparators are nearly always 
caused by stray capacitance between the output and in- 
puts or between the output and other sensitive pins on the 
comparator. This is especially true with high gain-band- 
width comparators like the LT101 1 , which are designed for 
fast switching with millivolt input signal levels. The gain- 
bandwidth product of the LT1 Oil is over 10GHz. Oscilla- 
tion problems tend to occur at frequencies around 5MHz, 
where the LT1 Oil has a gain of =2000. This implies that 
attenuation of output signals must be at least 2000:1 at 
5MHz as measured at the inputs. If the source imped- 
ance is IkO, the effective stray capacitance between 
output and input must have a reactance of more than 
(2000) (1kfi) = 2MQ, or less than 0.02pF. The actual in- 
terlead capacitance between input and output pins on the 
LT1011 is less than 0.002pF when cut to printed circuit 
mount length. Additional stray capacitance due to printed 
circuit traces must be minimized by routing the output 
trace directly away from input lines and, if possible, run- 
ning ground traces next to input traces to provide shield- 
ing. Additional steps to ensure oscillation-free operation 
are: 

1. Bypass the strobe /balance pins with a 0.01/cF 
capacitor connected from pin 5 to pin 6. This elimi- 
nates stray capacitive feedback from the output to the 
balance pins, which are nearly as sensitive as the 
inputs. 

2. Bypass the negative supply (pin 4) with a 0.1/tF 
ceramic capacitor close to the comparator. 0 . fyF can 
also be used for the positive supply (pin 8) if the pull- 
up load is tied to a separate supply. When the pull-up 
load is tied directly to pin 8, use a 2/tF solid tantalum 
bypass capacitor. 

3. Bypass any slow moving or DC input with a capacitor 
(>0.01/iF) close to the comparator to reduce high 
frequency source impedance. 

4. Keep resistive source impedance as low as possible. 
If a resistor is added in series with one input to bal- 
ance source impedances for DC accuracy, bypass it 
with a capacitor. The low input bias current of the 


LT1 01 1 usually eliminates any need for source resist- 
ance balancing. A 5kQ imbalance, for instance, will 
create only 0.25mV DC offset. 

5. Use hysteresis. This consists of shifting the input off- 
set voltage of the comparator when the output 
changes state. Hysteresis forces the comparator to 
move quickly through its linear region, eliminating 
oscillations by “overdriving” the comparator under 
all input conditions. Hysteresis may be either AC or 
DC. AC techniques do not shift the apparent offset 
voltage of the comparator, but require a minimum in- 
put signal slew rate to be effective. DC hysteresis 
works for all input slew rates, but creates a shift in off- 
set voltage dependent on the previous condition of the 
input signal. The circuit shown below is an excellent 
compromise between AC and DC hysteresis. 


Comparator with Hysteresis 

+ 15V 



This circuit is especially useful for general purpose 
comparator applications because it does not force any 
signals directly back onto the input signal source. In- 
stead, it takes advantage of the unique properties of 
the balance pins to provide extremely fast, clean out- 
put switching even with low frequency input signals 
in the millivolt range. The 0.003/iF capacitor from pin 
6 to pin 8 generates AC hysteresis because the volt- 
age on the balance pins shifts slightly, depending on 
the state of the output. Both pins move about 4mV. If 
one pin (6) is bypassed, AC hysteresis is created. It is 
only a few millivolts referred to the inputs, but is suffi- 
cient to switch the output at nearly the maximum 
speed of which the comparator is capable. To prevent 
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nppucRTions mfORmnnon 


problems from low values of Input slew rate, a slight 
amount of DC hysteresis is also used. The sensitivity 
of the balance pins to current is about 0.5mV input 
referred offset for each microampere of balance pin 
current. The 15mfi resistor tied from output to pin 5 
generates 0.5mV DC hysteresis. The combination of 
AC and DC hysteresis creates clean oscillation-free 
switching with very small input errors. The curve 
below plots input referred error versus switching fre- 
quency for the circuit as shown. 


Input Offset Voltage vs Time to 
Last Transition 



1/iS 10/xs 100/ts 1ms 

TIME/FREQUENCY 


Note that at low frequencies, the error is simply the DC 
hysteresis, while at high frequencies, an additional 
error is created by the AC hysteresis. The high fre- 
quency error can be reduced by reducing Ch, but 
lower values may not provide clean switching with 
very low slew rate input signals. 

Input Protection 

The inputs to the LT101 1 are particularly suited to general 
purpose comparator applications because large differen- 
tial and/or common-mode voltages can be tolerated with- 
out damage to the comparator. Either or both inputs can 
be raised 40V above the negative supply, independent of 
the positive supply voltage. Internal forward biased 
diodes will conduct when the inputs are taken below the 


negative supply. In this condition, input current must be 
limited to 1 mA. If very large (fault) input voltages must be 
accommodated, series resistors and clamp diodes should 
be used (see drawing below). 

Limiting Fault Input Currents 


v+ 



‘MAY BE ELIMINATED FOR 

1 FAULT 

“SELECT ACCORDING TO ALLOWABLE 
FAULT CURRENT AND POWER 
DISSIPATION 


The input resistors should limit fault current to a 
reasonable value (0 . 1 mA to 20mA). Power dissipation in 
the resistors must be considered for continuous faults, 
especially when the LT1011 supplies are off. And one 
final caution: lightly loaded supplies may be forced to 
higher voltages by large fault currents flowing through 
D1-D4. 



R3 and R4 limit input current to the LT1011 to less than 
1mA when the input signals are held below V~. They 
may be eliminated if R1 and R2 are large enough to limit 
fault current to less than 1mA. 


Input Slew Rate Limitations 

The response time of a comparator is typically measured 
with a lOOmV step and a 5mV-10mV overdrive. Unfor- 
tunately, this does not simulate many real-world situa- 
tions where the step size is typically much larger and 
overdrive can be significantly less. In the case of the 
LT1011, step size is important because the slew rate of 
internal nodes will limit response time for input step sizes 
larger than IV. At 5 V step size, for instance, response 
time increases from 150ns to 360ns. See the curve la- 
beled Response Time vs input Step Size for more detail. 


Lirm 

TECHNOLOGY 
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If response time is critical and large input signals are 
expected, clamp diodes across the inputs are recom- 
mended. The slew rate limitation can also affect perform- 
ance when differential input voltage is low, but both 
inputs must slew quickly. Maximum suggested common- 
mode slew rate is 10 V/#iS. 

Strobing 

The LT101 1 can be strobed by pulling current out of the 
strobe pin. The output transistor is forced to an “off” 
state, giving a “hi” output at the collector (pin 7). Cur- 
rents as low as 250/xA will cause strobing, but at low 
strobe currents strobe delay will be 200ns-300ns. If 
strobe current is increased to 3mA, strobe delay drops to 
about 60ns. The voltage at the strobe pin is about 1 50mV 
below V + at zero strobe current and about 2 V below V + 
for 3mA strobe current. Do not ground the strobe pin. It 
must be current driven. The drawing below shows a 
typical strobe circuit. 

Typical Strobe Circuit 


+ 15V +5V 



Note that there is no bypass capacitor between pins 5 
and 6. This maximizes strobe speed, but leaves the com- 
parator more sensitive to oscillation problems for slow, 
low level inputs. A 1 pF capacitor between the output and 
pin 5 will greatly reduce oscillation problems without 
reducing strobe speed. 

DC hysteresis can also be added by placing a resistor 
from output to pin 5. See step number 5 under ‘ ‘ Prevent- 
ing Oscillation Problems”. 

The pin (6) used for strobing is also one of the offset ad- 
just pins. Current flow into or out of pin 6 must be kept 
very low (<0.2pA) when not strobing to prevent input 
offset voltage shifts. 


Output Transistor 

The LT1 01 1 output transistor is truly floating in the sense 
that no current flows into or out of either the collector or 
emitter when the transistor is in the “off” state. The 
equivalent circuit is shown in the drawing below. 


Output Transistor Circuitry 



In the “off” state, h is switched off and both Q1 and Q2 
turn off. The collector of Q2 can be now held at any volt- 
age above V - without conducting current, including volt- 
ages above the positive supply level. Maximum voltage 
above V - is 50V for the LT1011 and 40V for the 
LT1 01 1C. The emitter can be held at any voltage between 
V + and V~ as long as it is negative with respect to the 
collector. 

In the “on” state, li is connected, turning on Q1 andQ2. 
Diodes D1 and D2 prevent deep saturation of Q2 to im- 
prove speed and also limit the drive current of Q1 . The 
R1 /R2 divider sets the saturation voltage of Q2 and pro- 
vides turn-off drive. Either the collector or emitter pin can 
be held at a voltage between V + and V~ . This allows the 
remaining pin to drive the load. In typical applications, 
the emitter is connected to V" or ground and the collector 
drives a load tied to V + or a separate positive supply. 
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When the emitter is used as the output, the collector is 
typically tied to V + and the load is connected to ground or 
V~ . Note that the emitter output is phase reversed with 
respect to the collector output so that the “ + ” and 
“ input designations must be reversed. When the 
collector is tied to V + , the voltage at the emitter in the 
"on” state is about 2 V below V + (see curves). 

Input Signal Range 

The common-mode input voltage range of the LT1011 is 
about 300mV above the negative supply and 1 .5 V below 


the positive supply, independent of the actual supply 
voltages (see curve in typical performance characteris- 
tics). This is the voltage range over which the output will 
respond correctly when the common-mode voltage is 
applied to one input and a higher or lower signal is applied 
to the remaining input. If one input is inside the common- 
mode range and one is outside, the output will be correct. 
If the inputs are outside the common-mode range in op- 
posite directions, the output will still be correct. If both in- 
puts are outside the common-mode range in the same 
direction, the output will not respond to the differential in- 
put; it will remain unconditionally high (collector output). 


TYPICAL flPPUCATIOnS 


Offset Balancing 


Strobing 


R2 

3.0k 




NOTE: DO NOT GROUND STROBE PIN. 



Driving Load Referenced 
to Positive Supply 


Driving Load Referenced 
to Negative Supply 



* INPUT POLARITY IS REVERSED WHEN 
USING PIN IAS OUTPUT 


XTUDS5B 
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TVPICRl RPPUCflTIORS 


Driving Ground Referred Load 


Window Detector 


v+ V++** 



* INPUT POLARITY IS REVERSED WHEN USING 
PIN 1 AS OUTPUT 

**V++ MAY BE ANY VOLTAGE 
ABOVE V“. PIN 1 SWINGS 
TO WITHIN «2VOFV++. 


V + 



Using Clamp Diodes to Improve Frequency Response* 



Crystal Oscillator 
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LT101 1/LT101 1A 


Tvpicni RppucflTions 


Noise Immune 60Hz Line Sync** 


High Efficiency** Motor Speed Controller 


+ 15V 




**Q1 OPERATES IN SWITCH MODE 


Combining Offset Adjust and Strobe Direct Strobe Drive when CMOS* Logic 

Uses Same V+ Supply as LT1011 

v+ 




Combining Offset Adjustment and Hysteresis 



XTIB2® 
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TVPICAl nPPLICRTIOnS 

Low Drift R/C Oscillator 1 



C, = .015 = POLYSTYRENE -120ppm/°C±30ppmWESC0TYPE32-P 


NOTE: COMPARATOR CONTRIBUTES 10ppm/°C DRIFT FOR 
FREQUENCIES BELOW lOKHz. 

*LOW DRIFT AND ACCURATE FREQUENCY ARE 
OBTAINED BECAUSE THIS CONFIGURATION 
REJECTS EFFECTS DUE TO INPUT OFFSET 
VOLTAGE AND BIAS CURRENT OF THE 
COMPARATOR. 


Positive Peak Detector 


+ 15V 



Negative Peak Detector 


+ 15V 
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TYPICAL APPLICATION 



ss12ms 


START 

dir 


ALL DIODES 1N4148 
•POLYSTYRENE 
**NP0 


Capacitance to Pulse Width Converter 



I I I I T H 2:[CMAX(PF)][1MS/PF] 

I I I | T L 2:10 • CmAX * (WpF) 


TTL OR 
CMOS 




*PW = (R2 + R3) (C)l^ Rl+Mj , INPUT CAPACITANCE OF 

LT 101 1 IS «6pF. THIS IS AN OFFSET TERM, 
t THESE COMPONENTS MAY BE ELIMINATED IF NEGATIVE SUPPLY 
IS AVAILABLE ( -IV TO -15V). 

••TYPICAL 2 SECTIONS OF 365pF VARIABLE 
CAPACITOR WHEN USED AS SHAFT ANGLE 
INDICATION. 


XTUEKfig 
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LT101 1/LT101 1A 


topical application 


Fast Settling* Filter 


lOOpF 


o.vf; 



r 


t i 

< 

i— ►< 

J 

L* 

' THRESHOLD 

sL 



‘COMPARATORS DRIVE OPTO-COUPLED FET 
“ON” WHEN DIFFERENCE BETWEEN OUTPUT 
AND INPUT EXCEEDS THRESHOLD. WHEN 
OUTPUT APPROACHES INPUT, THE FET TURNS 
"OFF” AND LOW PASS FILTERING OCCURS. 
+ FROM THETA-J CORP, WOBURN, MASS. 


10Hz to 100kHz Voltage to Frequency Converter 


INPUT 

0V-10V 


R2 

5k 

FULL-SCALE R3 
TRIM 


H >— VVV— — 1 WVr- 1 > J — 

1 0.68uF — I— 



ALL DIODES 1N4148 
TRANSISTORS 2N3904 
‘USED ONLY TO 
GUARANTEE START-UP 
*MAY BE INCREASED FOR 
BETTER 10Hz TRIM 
RESOLUTION 


— *| |- — 1.5a*S 

JLfUl 
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TYPICAL APPLICATION 


100kHz Precision Rectifier 



scHcmflTic DinGRnm 




XTUDS5B 
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LT101 1/LTlOl 1A 


PACKAGE DESCAIPTIOA 


H Package 
Metal Can 


J8 Package 
8 Lead Hermetic DIP 




NOTE. DIMENSIONS IN INCHES 


Tjmax 

0ja 

0jc 

150°C 

150°C/W 

45°C/W 



NOTE: DIMENSIONS IN INCHES UNLESS OTHERWISE NOTED 
'LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

0ja 

150°C 

100°C/W 


N8 Package 
8 Lead Plastic 




'LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 


Tjmax 

(9ja 

100°C 

130°C/W 
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LT1016 


rrwm 

TECHNOLOGY ultra Fast Precision Comparator 


f€ATUIKS 

■ Ultra Fast (10ns typ) 

■ Operates Off Single +5V Supply, or ±5V 

■ Complementary Output to TTL 

■ Low Offset Voltage 

■ No Minimum Input Slew Rate Requirement 

■ No Power Supply Current Spiking 

■ Output Latch Capability 


APPUCflTIOAS 

■ High Speed A to D Converters 

■ High Speed Sampling Circuits 

■ Line Receiver 

■ Extended Range V to F Converters 

■ Fast Pulse Height/Width Discriminators 


DCSCRIPTIOfl 

The LT1016 is an ultra fast (10ns) comparator specifi- 
cally designed to interface directly to TTL logic while 
operating off either a dual ± 5V supply or a single + 5 V 
supply. Tight offset voltage specifications and high gain 
allow the LT1016 to be used in precision applications. 
Matched complementary outputs further extend the ver- 
satility of this new comparator. 

A unique output stage is featured on the LT1016. It pro- 
vides active drive in both directions for maximum speed 
into TTL logic or passive loads, yet does not exhibit the 
large current spikes normally found in “totem pole” 
output stages. This eliminates the need for a minimum 
input slew rate typical of other very fast comparators. 
The ability of the LT1016 to remain stable with the out- 
puts in the active region greatly reduces the problem of 
output “glitching” when the input signal is slow mov- 
ing or is low level. 


The LT1 01 6 has a true latch pin for retaining input data 
at the outputs. The outputs will remain latched as long 
as the latch pin is held high. Quiescent negative power 
supply current is only 3mA— about ten times lower than 
competitive units. This reduces die temperature and 
allows the negative supply pin to be driven from virtually 
any supply voltage with a simple resistive divider. 
Device performance is not affected by variations in nega- 
tive supply voltage. 



10-25MHz Crystal Oscillator 


+ 5V 




0 20 0 20 
TIME(ns) 
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LT1016 


absolute mnximum rrtirgs 


Positive Supply Voltage (Note 4) 7 V 

Negative Supply Voltage 7V 

Differential Input Voltage ±5V 

Input Voltage (Either Input) Equal to Supplies 

Latch Pin Voltage Equal to Supplies 

Output Current (Continuous) ±20mA 

Operating Temperature Range 

LT1016M — 55°Cto +125°C 

LT1016C 0°Cto +70°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, lOsec) 300°C 


PRCKRG€/ORD€R lAFORRIRTIOR 



CLECTRICRL CHARACTERISTICS 

V+=5V, V-=5V, V 0UT (Q) = 1.4V, V latch = 0V, T fl = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETERS 

CONDITIONS 

MIN 

LT1016M 

TYP 

MAX 

MIN 

LT1016C 

TYP 

MAX 

UNITS 

v os 

Input Offset Voltage 

R s <100fi (Note 1) 




0.8 

±2 


1.0 

± 3 

mV 





• 



3 



3.5 

mV 

AV OS 

Input Offset Voltage Drift 





4 



4 


pN/° C 

AT 












*0S 

Input Offset Current 

(Note 1) 




0.3 

1 


0.3 

1 






• 



1.3 


0.3 

1.3 


•b 

Input Bias Current 

(Note 2) 




5 

10 


5 

10 

mA 





• 



13 



13 

mA 


Input Voltage Range 

(Note 5) 

• 

-3.75 


+ 3.5 

-3.75 


+ 3.5 

V 



Single + 5V Supply 

• 

+ 1.25 


+ 3.5 

+ 1.25 


+ 3.5 

V 

CMRR 

Common-Mode Rejection 

— 3.75V <V CM < +3.5V 

• 

80 

96 


80 

96 


dB 

PSRR 

Supply Voltage Rejection 

Positive Supply 4.6V<V+<5.4V 

• 

60 

75 


60 

75 


dB 



Negative Supply 2 V<V 

-<7V 

• 

80 

100 


80 

100 


dB 

A v 

Small Signal Voltage Gain 

1V<V out <2V 


1400 

3000 


1400 

3000 


V/V 

Vqh 

Output High Voltage 

V+<4.6V, 

l 0U T=1mA 


2.7 

3.4 


2.7 

3.4 


V 




l OUT = 10mA 

• 

2.4 

3.0 


2.4 

3.0 


V 

V 

Output Low Voltage 


l SINK = 4mA 

• 


0.3 

0.5 


0.3 

0.5 

V 




'sink = lOmA 



0.4 



0.4 


V 

1+ 

Positive Supply Current 


• 


25 

35 


25 

35 

mA 

1- 

Negative Supply Current 


• 


3 

5 


3 

5 

mA 

V|H 

Latch Pin Hi Input Voltage 


• 

2.0 

2.0 

V 

V|L 

Latch Pin Lo Input Voltage 


• 

0.8 

0.8 

V 

',L 

Latch Pin Current 

Vlatch=OV 

• 

500 

500 

(ik 
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LT1016 


eiCCTRICAl CHRRRCTCRISTICS 

V + =5V, V~ =5V, V out (Q) = 1 .4V, V LATCH = OV, T A = 25°C, unless otherwise noted. 


SYMBOL 

PARAMETERS 

CONDITIONS 

LT1016M 

MIN TYP MAX 

LT1016C 

MIN TYP MAX 

UNITS 

*PD 

Propagation Delay 
(Note 3) 

AV| N = 100mV, OD = 5mV 

• 

10 14 

16 

10 14 

16 

ns 

ns 


(Note 3) 

AV| N = 100mV, 0D = 20mV 

• 

9 12 

15 

9 12 

15 

ns 

ns 

AtpD 

Differential Propagation 
Delay 

(Note 3) AV 1N = 100mV, OD = 5mV 


3 

3 

ns 


Latch Setup Time 



2 

2 

ns 


The • denotes the specifications which apply over the full operating 
temperature range. 

For MIL-STD components, please refer to LTC883 data sheet for test listing 
and parameters. 

Note 1: Input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to 1.4V. Input offset 
current is defined in the same way. 

Note 2: Input bias current (l B ) is defined as the average of the two input 
currents. 


Note 3: t PD and At PB cannot be measured in automatic handling equipment 
with low values of overdrive. The LT1 01 6 is 1 00% tested with a IV step and 
500mV overdrive at 25°C only. Correlation tests have shown that t PD and 
At PD limits shown can be guaranteed with this test, if additional DC tests are 
performed to guarantee that all internal bias conditions are correct. For low 
overdrive conditions V 0 s is added to overdrive. 

Note 4: Electrical specifications apply only up to 5.4V. 

Note 5: See text for discussion of input voltage range for supplies other 
than±5V, or + 5V. 


TYPICAL PCRFORmnnce characteristics 


Gain Characteristics 

5.0 
4.5 
4.0' 

^ 3 5 
^ 3.0, 

§ 2.5 
= 2 0 
o ,1.5 

1.0 
0.5 

0 

-2.5 -1.5 -0.5 0 0.5 1.5 2.5 

DIFFERENTIAL INPUT VOLTAGE(mV) 

Propagation Delay vs 
Source Resistance 

80 
70 
60 
50 

IT 40 
2 

30 
20 
10 
0 

0 500 Ik 1.5k 2k 2.5k 3k 

SOURCE RESISTANCE(fi) 




Propagation Delay vs Overdrive 

25 


20 


15 


*- 10 


5 


0 

0 10 20 30 40 50 

OVERDRIVE(mV) 

Propagation Delay vs 
Supply Voltage 

25 


20 


_ 15 
s 

■" 10 


5 


0 

4.4 4.6 4.8 5.0 5.2 5.4 5 6 

POSITIVE SUPPLY VOLTAGE(V) 
















FALLII 

\IG EDGE 

1 i 

, tPDHL 




RISIN 

U 

N 

tpDLH 









Tj = 2 

— 

5°C 










STEf 

SIZE = 1C 

OmV 













Propagation Delay vs 
Load Capacitance 



0 10 20 30 40 50 

OUTPUT LOAD CAPACITANCE(pF) 


Propagation Delay vs Temperature 

30 

25 

20 


10 

5 

0 

-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE(C°) 



— 

STEPS 
DVERDF 
3UTPU1 
1 / s= ± 

— 

ZE = 1( 
«VE = E 
LOAD 
5 V 

— 

)0mV 

mV 

CAPAC 

— 

ITANCE 

= 10p 

— 








FA 

1 

_ 

LUNG ( 

! J 

JUTPU1 

-j 

tpDHL 




F 

USING 

OUTPU" 

tpDLH 

\ 
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LT1016 


typical PCRFonmnncc charactcristics 


Latch Set-Up Time 



— 2 

— 4 

— 6 

-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE °C) 


Output Low Voltage (V 0L ) 



0 2 4 6 8 10 12 14 16 18 20 

OUTPUT SINK CURRENT(mA) 


Output High Voltage (V 0H ) 

5.0 

4.5 

4.0 
| 3.5 
o 3.0 
£ 2.5 

=3 
O 

2.0 

1.5 
1.0 

0 2 4 6 8 10 12 14 16 18 20 

OUTPUT SOURCE CURRENT(mA) 












— 


— 


■ 

25°( 

3 — 

— 

— 


— 

— 

— 

re 

1 

tJ 

25°C 








T 

— 

J=- 

— 

-55° 















i 





















Negative Supply Current 


Positive Supply Current 


Positive Supply Current 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE(°C) 



0 1 2 3 4 5 6 7 8 

SUPPLY VOLTAGE(V) 



1 10 100 
SWITCHING FREQUENCY(MHz) 


Common-Mode Rejection 



10k 100k 1M 10M 

FREQUENCY(Hz) 


Positive Common-Mode Limit 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 

*SEE APPLICATION SECTION FOR COMMON-MODE 


LIMIT WITH VARYING SUPPLY VOLTAGE. 


Negative Common-Mode Limit 



V£ 

— S1N( 

1 

LE+5\ 

1 

SUPP 

LY 






























_ 


Vs= 

±5V* 





-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 

*SEE APPLICATION SECTION FOR COMMON-MODE 
LIMIT WITH VARYING SUPPLY VOLTAGE. 
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LT1016 


TYPICAL PCRFORRIAACC CHARACTERISTICS 


Latch Pin Threshold 

2.6 1 1 1 1 r 


2.2 



0.6 


0 2 1 I I I I I I I 

-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 


Latch Pin Current* 



nppucOTions mFonmnnon 

Common-Mode Considerations 

The LT1016 is specified for a common-mode range of 
-3.75V to +3.5Vwithsupplyvoltagesof ±5V.Amore 
general consideration is that the common-mode range is 
1.25V above the negative supply and 1.5V below the 
positive supply, independent of the actual supply voltage. 
The criteria for common-mode limit is that the output still 
responds correctly to a small differential input signal. 
Either input may be outside the common-mode limit (up to 
the supply voltage) as long as the remaining input is 
within the specified limit, and the output will still respond 
correctly. There is one consideration, however, for inputs 
which exceed the positive common-mode limit. Propaga- 
tion delay will be increased by up to 10ns if the signal in- 
put is more positive than the upper common-mode limit 
and then switches back to within the common-mode 
range. This effect is not seen for signals more negative 
than the lower common-mode limit. 


Input Impedance and Bias Current 

Input bias current is measured with the output held at 
1 ,4V. As with any simple NPN differential input stage, the 
LT1016 bias current will go to zero on an input which is 
low and double on the input which is high. If both inputs 
are less than 0.8V above V - , both input bias currents 
will go to zero. If either input exceeds the positive 


common-mode limit, input bias current will increase 
rapidly, approaching several milliamperes at % =V+ . 

Differential input resistance at zero differential input 
voltage is about lOkfl, rapidly increasing as larger DC dif- 
ferential input signals are applied. Common-mode input 
resistance is about 4Mfi with zero differential input 
voltage. With large differential input signals, the high in- 
put will have an input resistance of about 2MO and the 
low input, greater than 20Mfi. 

Input capacitance is typically 3.5pF. This is measured by 
inserting a 1 kS2 resistor in series with the input and 
measuring the resultant change in propagation delay. 

Latch Pin Dynamics 

The latch pin is intended to retain input data (output 
latched) when the latch pin goes high. This pin will float 
to a high state when disconnected, so a flow-through 
condition requires that the latch pin be grounded. To 
guarantee data retention, the input signal must be valid at 
least 5ns before the latch goes high (set-up time) and 
must remain valid at least 3ns after the latch goes high 
(hold time). When the latch goes low, new data will ap- 
pear at the output in approximately 8-10ns. The latch pin 
is designed to be driven with TTL or CMOS gates. It has 
no built-in hysteresis. 


u\m 
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LT1016 


AppucRTions inFORmftTion 

Measuring Response Time 

The LT1016 is able to respond quickly to fast low level 
signals because it has a very high gain-bandwidth 
product («50GHz), even at very high frequencies. To 
properly measure the response of the LT1 01 6 requires an 
input signal source with very fast rise times and excep- 
tionally clean settling characteristics. This last require- 
ment comes about because the standard comparator test 
calls for an input step size that is large compared to the 
overdrive amplitude. Typical test conditions are lOOmV 
step size with only 5mV overdrive. This requires an input 
signal that settles to within 1 % (1 mV) of final value in on- 
ly a few nanoseconds with no ringing or "long tailing”. 
Ordinary high speed pulse generators are not capable of 
generating such a signal, and in any case, no ordinary 
oscilloscope is capable of diplaying the waveform to 
check its fidelity. Some means must be used to inherently 
generate a fast, clean edge with known final value. 

The circuit shown in Figure 1 is the best electronic means 
of generating a known fast, clean step to test com- 
parators. It uses a very fast transistor in a common base 
configuration. The transistor is switched “off” with a 
fast edge from the generator and the collector voltage set- 
tles to exactly OV in just a few nanoseconds. The most im- 
portant feature of this circuit is the lack of feedthrough 
from the generator to the comparator input. This prevents 
overshoot on the comparator input which would give a 
false fast reading on comparator response time. 

To adjust this circuit for exactly 5mV overdrive, Vi is ad- 
justed so that the LT1016 output under test settles to 



1.4V (in the linear region). Then Vi is changed -5 V to 
set overdrive at 5mV. 

The test circuit shown measures low to high transition on 
the “ + ” input. For opposite polarity transitions on the 
output, simply reverse the inputs of the LT1016. 


High Speed Design Techniques 

A substantial amount of design effort has made the 
LT1016 relatively easy to use. It is much less prone to 
oscillation and other vagaries than some slower com- 
parators, even with slow input signals. In particular, the 
LT1016 is stable in its linear region, a feature no other 
high speed comparator has. Additionally, output stage 
switching does not appreciably change power supply 
current, further enhancing stability. These features make 
the application of the 50GHz gain-bandwidth LT1016 
considerably easier than other fast comparators. Unfor- 
tunately, laws of physics dictate that the circuit 
environment the LT1016 works in must be properly 
prepared. The performance limits of high speed circuitry 
are often determined by parasitics such as stray 
capacitance, ground impedance, and layout. Some of 
these considerations are present in digital systems where 
designers are comfortable describing bit patterns and 
memory access times in terms of nanoseconds. The 
LT1016 can be used in such fast digital systems and 
Figure 2 shows just how fast the device is. The simple 
test circuit allows us to see that the LT1016’s (Trace B) 


— 3V 


TLT 



*SEE TEXT FOR CIRCUIT EXPLANATION 
' "TOTAL LEAD LENGTH INCLUDING DEVICE PIN, 
SOCKET AND CAPACITOR LEADS SHOULD BE 
LESS THAN 0.5 IN. USE GROUND PLANE 
t (V os + OVERDRIVE) x 1000 


Figure 1. Response Time Test Circuit 
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response to the pulse generator (Trace A) is as fast as a 
TTL inverter (Trace C) even when the LT1016 has only 
millivolts of input signal! Linear circuits operating with 
this kind of speed make many engineers justifiably wary. 
Nanosecond domain linear circuits are widely associated 
with oscillations, mysterious shifts in circuit characteris- 
tics, unintended modes of operation and outright failure 
to function. 

Other common problems include different measurement 
results using various pieces of test equipment, inability to 
make measurement connections to the circuit without 
inducing spurious responses and dissimilar operation be- 
tween two “identical” circuits. If the components used 
in the circuit are good and the design is sound, all of the 
above problems can usually be traced to failure to provide 
a proper circuit “environment.” To learn how to do this 
requires studying the causes of the aforementioned 
difficulties. 

By far the most common error involves power supply 
bypassing. Bypassing is necessary to maintain low sup- 
ply impedance. DC resistance and inductance in supply 
wires and PC traces can quickly build up to unacceptable 
levels. This allows the supply line to move as internal cur- 


rent levels of the devices connected to it change. This will 
almost always cause unruly operation. In addition, 
several devices connected to an unbypassed supply can 
“communicate” through the finite supply impedances, 
causing erratic modes. Bypass capacitors furnish a sim- 
ple way to eliminate this problem by providing a local 
reservoir of energy at the device. The bypass capacitor 
acts like an electrical flywheel to keep supply impedance 
low at high frequencies. The choice of what type of 
capacitors to use for bypassing is a critical issue and 
should be approached carefully. An unbypassed LT1016 
is shown responding to a pulse input in Figure 3. The 
power supply the LT1016 sees at its terminals has high 
impedance at high frequency. This impedance forms a 
voltage divider with the LT1016, allowing the supply to 
move as internal conditions in the comparator change. 
This causes local feedback and oscillation occurs. 
Although the LT1 01 6 responds to the input pulse, its out- 
put is a blur of 100MHz oscillation. Always use bypass 
capacitors. 


In Figure 4 the LT1016’s supplies are bypassed, but it 
still oscillates. In this case, the bypass units are either too 
far from the device or are lossy capacitors. Use capacitors 
with good high frequency characteristics and mount 




Figure 2. LT1016 vs a TTL Gate 


A = 2V/DIV 


HORIZONTAL = lOOns/DIV 



HORIZONTAL = 1 00ns/ DIV 


Figure 3. Unbypassed LT1016 Response 


Figure 4. LT1016 Response with Poor Bypassing 



XTim 
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them as close as possible to the LT1016. An inch of wire 
between the capacitor and the LT1016 can cause prob- 
lems. If operation in the linear region is desired, the 
LT1016 must be over a ground plate with good RF bypass 
capacitors (>0.01fiF) having lead lengths less than 0.2 
inches. Do not use sockets. 

In Figure 5 the device is properly bypassed but a new 
problem pops up. This photo shows both outputs of the 
comparator. Trace A appears normal, but Trace B shows an 
excursion of almost 8V — quite a trick for a device running 
from a +5V supply. This is a commonly reported problem 
in high speed circuits and can be quite confusing. It is not 
due to suspension of natural law, but is traceable to a 
grossly miscompensated or improperly selected oscil- 
loscope probe. Use probes which match your oscillo- 
scope’s input characteristics and compensate them pro- 
perly. Figure 6 shows another probe-induced problem. 
Here, the amplitude seems correct but the 10ns response 
time LT1 01 6 appears to have 50ns edges ! I n this case, the 


probe used is too heavily compensated or slow for the os- 
cilloscope. Never use 1Xor“straight” probes. Their band- 
width is 20MHz or less and capacitive loading is high. 
Check probe bandwidth to ensure it is adequate for 
the measurement. Similarly, use an oscilloscope 
with adequate bandwidth. 

In Figure 7 the probes are properly selected and applied 
but the LT1016’s output rings and distorts badly. In this 
case, the probe ground lead is too long. For general pur- 
pose work most probes come with ground leads about 6 
inches long. At low frequencies this is fine. At high 
speed, the long ground lead looks inductive, causing the 
ringing shown. High quality probes are always supplied 
with some short ground straps to deal with this problem. 
Some come with very short spring clips which fix directly 
to the probe tip to facilitate a low impedance ground con- 
nection. For fast work, the ground connection to the 
probe should not exceed 1 inch in length. Keep the 
probe ground connection as short as possible. 


A=2V/DIV 


B = 2V/DIV 



HORIZONTAL = 1 0ns /DIV 


Figure 5. Improper Probe Compensation Causes 
Seemingly Unexplainable Amplitude Error 



HORIZONTAL = 50ns / DIV HORIZONTAL = 20ns / DIV 


Figure 6. Overcompensated or Slow Probes Make Edges Figure 7. Typical Results Due to Poor Probe Grounding 
Look Too Slow 
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Figure 8 shows the LT1016’s output (Trace B) oscillating 
near 40MHz as it responds to an input (Trace A). Note 
that the input signal shows artifacts of the oscillation. 
This example is caused by improper grounding of the 
comparator. In this case, the LTf016’s ground pin con- 
nection is 1 inch long. The ground lead of the LT1016 
must be as short as possible and connected directly to a 
low impedance ground point. Any substantia impedance 
in the LT1016’s ground path will generate effects like 
this. The reason for this is related to the necessity of 
bypassing the power supplies. The inductance created 
by a long device ground lead permits mixing of ground 
currents, causing undesired effects in the device. The 
solution here is simple. Keep the LTIOW’s ground pin 
connection as short (typically % inch) as possible and run 
it directly to a low impedance ground. Do not use sockets. 

Figure 9 addresses the issue of the “low impedance 
ground,” referred to previously. In this example, the out- 
put is clean except for chattering around the edges. This 
photograph was generated by running the LT1 01 6 with- 
out a ‘ ‘ground plane. ’ ’ A ground plane is formed by using 
a continuous conductive plane over the surface of the cir- 


cuit board. The only breaks in this plane are for the cir- 
cuit’s necessary current paths. The ground plane serves 
two functions. Because it is flat (AC currents travel along 
the surface of a conductor) and covers the entire area of 
the board, it provides a way to access a low inductance 
ground from anywhere on the board. Also, it minimizes 
the effects of stray capacitance in the circuit by referring 
them to ground. This breaks up potential unintended and 
harmful feedback paths. Always use a ground plane with 
the LT1016, when input signal levels are low or slow 
moving. 

"Fuzz” on the edges is the difficulty in Figure 10. This 
condition appears similar to Figure 1 0, but the oscillation 
is more stubborn and persists well after the output has 
gone low. This condition is due to stray capacitive feed- 
back from the outputs to the inputs. A 3kQ input source 
impedance and 3pF of stray feedback allowed this oscilla- 
tion. The solution for this condition is not too difficult. 
Keep source impedances as low as possible, preferably 
IkQ or less. Route output and input pins and components 
away from each other. 


A = 1 V/DIV 

B = 2V/DIV 



HORIZONTAL = 100ns/ DIV 



Figure 8. Excessive LT1016 Ground Path Resistance 
Causes Oscillation 



HORIZONTAL = 1 00ns/ DIV HORIZONTAL = 50ns / DIV 


Figure 9. Transition Instabilities Due to No Ground Plane Figure 10. 3pF Stray Capacitive Feedback with 3kQ 

Source Can Cause Oscillation 
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The opposite of stray-caused oscillations appears in 
Figure 1 1 . Here, the output response (Trace B) badly lags 
the input (Trace A). This is due to some combination of 
high source impedance and stray capacitance to ground 
at the input. The resulting RC forces a lagged response at 
the input, and output delay occurs. An RC combination of 
2kl2 source resistance and lOpF to ground gives a 20ns 
time constant — significantly longer than the LT101 6’s 
response time. Keep source impedances low and mini- 
mize stray input capacitance to ground. 

Figure 12 shows another capacitance-related problem. 
Here the output does not oscillate, but the transitions are 
discontinuous and relatively slow. The villain of this situa- 
tion is a large output load capacitance. This could be 
caused by cable driving, excessive output lead length or 
the input characteristics of the circuit being driven. In 
most situations this is undesirable and may be eliminated 
by buffering heavy capacitive loads. In a few cir- 


cumstances it may not affect overall circuit operation and 
is tolerable. Consider the comparator’s output load 
characteristics and their potential effect on the circuit. If 
necessary, buffer the load. 

Another output-caused fault is shown in Figure 13. The 
output transitions are initially correct but end in a ringing 
condition. The key to the solution here is the ringing. 
What is happening is caused by an output lead which is 
too long. The output lead looks like an unterminated 
transmission line at high frequencies and reflections oc- 
cur. This accounts for the abrupt reversal of direction on 
the leading edge and the ringing. If the comparator is 
driving TTL this may be acceptable, but other loads may 
not tolerate it. In this instance, the direction reversal on 
the leading edge might cause trouble in a fast TTL load. 
Keep output lead lengths short. If they get much longer 
than a few inches, terminate with a resistor (typically 
250U-400Q). 



HORIZONTAL = 10ns /DIV 


Figure 11 . Stray 5pF Capacitance from Input to Ground 
Causes Delay 



HORIZONTAL = 1 00ns/ DIV HORIZONTAL = 50ns / DIV 


Figure 12. Excessive Load Capacitance Forces Figure 13. Lengthy, Unterminated Output Lines Ring 

Edge Distortion from Reflections 


6-34 


xtw m 





LT1016 


AppLiomons mFORmnnon 

200ns-0.01% Sample-and-Hold Circuit 

Figure 14’s circuit uses the LT1016’s high speed to 
improve upon a standard circuit function. The 200ns ac- 
quisition time is well beyond monolithic sample-and-hold 
capabilities. Other specifications exceed the best com- 
mercial unit’s performance. This circuit also gets around 
many of the problems associated with standard sample- 
and-hold approaches, including FET switch errors and 
amplifier settling time. To achieve this, the LT1016’s high 
speed is used in a circuit which completely abandons 
traditional sample-and-hold methods. 


Important specifications for this circuit include: 


Acquisition Time 

< 200ns 

Common-Mode Input Range 

±3V 

Droop 

VV/^ 

Hold Step 

2mV 

Hold Settling Time 

15ns 

Feedthrough Rejection 

> > lOOdB 


When the sample-hold line goes low, a linear ramp starts 
just below the input level and ramps upward. When the 
ramp voltage reaches the input voltage, A1 shuts off the 
ramp, latches itself off, and sends out a signal Indicating 
sampling is complete. 


1.8/ts, 12-Bit A-D Converter 

The LT 1 01 6’s high speed is used to implement a very fast 
1 2-bit A-D converter in Figure 1 5. The circuit is a modified 
form of the standard successive approximation approach 
and is faster than most commercial SAR 12-bit units. In 
this arrangement the 2504 successive approximation 
register (SAR), A1 and Cl test each bit, beginning with the 
MSB, and produce a digital word representing Vin ’ s value. 
To get faster conversion time, the clock is controlled by the 
window comparator monitoring the DAC-input summing 
junction. Additionally, the DMOS FET clamps the DAC out- 
put to ground at the beginning of each clock cycle, 
shortening DAC settling time. After the fifth bit is con- 
verted, the clock runs at maximum speed. 

IHz-IOMHz V—F Converter 

The LT1016 and the LT1012 low drift amplifier combine 
to form a high speed V—F converter in Figure 16. A 
variety of circuit techniques is used to achieve a 1Hz to 
10MHz output. Overrange to 12MHz (% = 12V) is 
provided. This circuit has a wider dynamic range (140dB, 
or 7 decades) than any commercially available unit. The 
10MHz full-scale frequency is 10 times faster than 
currently available monolithic V— F’s. The theory of 
operation is based on the identity Q=CV. 




£J\ im 
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Each time the circuit produces an output pulse, it feeds 
back a fixed quantity of charge (Q) to a summing node 
(£). The circuit’s input furnishes a comparison current at 
the summing node. The difference signal at the node is 
integrated in a monitoring amplifier’s feedback capacitor. 
The amplifier controls the circuit’s output pulse 
generator, completing a feedback loop around the 
integrating amplifier. To maintain the summing node at 
zero, the pulse generator runs at a frequency which 


permits enough charge pumping to offset the input 
signal. Thus, the output frequency will be linearly related 
to the input voltage. A1 is the integrating amplifier. 

To trim this circuit, ground the input and adjust the Ik pot 
for 1 Hz output. Next, apply 1 0.000V and set the 2kQ unit 
for 1 0.000MHz output. The transfer linearity of the circuit 
is 0.06% . Full-scale drift is typically 50ppm/ °C and zero 
point error about 0.2/*V/°C (0.2Hz/°C). 

+ 5V 



Q1-Q5 RCA CA31 27 ARRAY 
■ 1N4148 
HP5082-2810 
*1% FILM RESISTOR 
** PRECISION 0.01%; VISHAY S-102 


Figure 15. 12-Bit 1.8/4$ SAR A- D 
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Single Supply Precision RC 1MHz Oscillator 



1-IOMHz Crystal Oscillator 


+5V 



appcad ix n 

About Level Shifts 

The TTL output of the LT1016 will interface with many 
circuits directly. Many applications, however, require 
some form of level shifting of the output swing. With 
LT 1 01 6-based circuits this is not trivial because it is desir- 
able to maintain very low delay in the level shifting stage. 
When designing level shifters, keep in mind that the TTL 
output of the LT1 01 6 is a sink-source pair (Figure A1 ) with 
good ability to drive capacitance (such as feedforward 
capacitors). 

Figure A2 shows a non-inverting voltage gain stage with a 
15V output. When the LT1016 switches, the base-emitter 
voltages at the 2N2369 reverse, causing it to switch very 
quickly. The 2N3866 emitter-follower gives a low im- 


+v 



Figure A1 


pedance output and the Schottky diode aids current sink 
capability. 

Figure A3 is a very versatile stage. It features a bipolar 
swing which may be programmed by varying the output 
transistor’s supplies. This 3ns delay stage is ideal for 
driving FET switch gates. Q1, a gated current source, 
switches the Baker-clamped output transistor, Q2. The 
heavy feedforward capacitor from the LT1 01 6 is the key to 
low delay, providing Q2’s base with nearly ideal drive. This 
capacitor loads the LT1016’s output transition (Trace A, 
Figure A4), but Q2’s switching is clean (Trace B, Figure A4) 
with 3ns delay on the rise and fall of the pulse. 


+ 15V 



t RISE= 4n S 

t FA LL=5ns Figure A2 
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Figure A5 is similar to A2 except that a sink transistor has 
replaced the Schottky diode. The two emitter-followers 
drive a power MOSFET which switches 1A at 15V. Most 
of the 7ns-9ns delay in this stage occurs in the MOSFET 
and the 2N2369. 


When designing level shifters, remember to use tran- 
sistors with fast switching times and high fy’s. To get the 
kind of results shown, switching times in the ns range 
and fj’s approaching 1GHz are required. 



Figure A3 



Figure A4. Figure A3’s Waveforms 


+ 15V 



Figure A5 


XTUESB 


6-39 





6 


scHcmnTic DinGRnm 



PnCKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 
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F€ATUR€S 

■ Ultra Fast (10ns typ) 

■ Operates Off Single +5V Supply, or ±5 V 

■ Complementary Output to TTL 

■ Low Offset Voltage 

■ No Minimum Input Slew Rate Requirement 

■ No Power Supply Current Spiking 

■ Output Latch Capability 


appucatiors 

■ High Speed A to D Converters 

■ High Speed Sampling Circuits 

■ Line Receiver 

* Extended Range V to F Converters 

■ Fast Pulse Height/Width Discriminators 


LT1016CS8 


Ultra Fast Precision Comparator 

DCSCRIPTIOA 

The LT1016 is an ultra fast (10ns) comparator specifically 
designed to interface directly to TTL logic while operating 
off either a dual ± 5V supply or a single + 5V supply. Tight 
offset voltage specifications and high gain allow the 
LT1016 to be used in precision applications. Matched 
complementary outputs further extend the versatility of 
this new comparator. 

A unique output stage is featured on the LT1016. It pro- 
vides active drive in both directions for maximum speed 
into TTL logic or passive loads, yet does not exhibit the 
large current spikes normally found in “totem pole” out- 
put stages. This eliminates the need for a minimum input 
slew rate typical of other very fast comparators. The abil- 
ity of the LT1016 to remain stable with the outputs in the 
active region greatly reduces the problem of output 
"glitching” when the input signal is slow moving or is low 
level. 

The LT1016 has a true latch pin for retaining input data at 
the outputs. The outputs will remain latched as long as the 
latch pin is held high. Quiescent negative power supply 
current is only 3mA — about ten times lower than com- 
petitive units. This reduces die temperature and allows the 
negative supply pin to be driven from virtually any supply 
voltage with a simple resistive divider. Device performance 
is not affected by variations in negative supply voltage. 


10-25MHz Crystal Oscillator 


Response Time 


5V 




0 20 0 20 
TIME(ns) 


XTHIS& 
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absolute mnximum ratiags 


PACKAG€/ORD€R IftFORmfiTIOR 


Positive Supply Voltage (Note 4) 7V 

Negative Supply Voltage 7V 

Differential Input Voltage ±5V 

Input Voltage (Either Input) Equal to Supplies 

Latch Pin Voltage Equal to Supplies 

Output Current (Continuous) ±20mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



jO QOUT 
T) QOUT 
]] GND 


S8 PACKAGE 
PLASTIC SO 


ORDER PART 
NUMBER 


LT1016CS8 


PART MARKING 


1016 


€l€CTRICAl CHARACTERISTICS 

V + =5V, V" =5V, Vqut(Q)= 1.4V, Vlatch = 0V, T* =25°C, unless otherwise noted. 


SYMBOL 

PARAMETERS 

CONDITIONS 

MIN 

LT1016C 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

R S <100Q (Note 1) 




1.0 

±3 

mV 





• 



±3.5 

mV 

AVqs 

Input Offset Voltage Drift 



• 


4 


liW C 

AT 









•os 

Input Offset Current 

(Note 1) 




0.3 

1 

ftA 





• 


0.3 

1.3 

/iA 

•b 

Input Bias Current 

(Note 2) 




5 

10 

pA 





• 



13 

HA 


Input Voltage Range 

(Note 5) 

• 

-3.75 


+ 3.5 

V 



Single + 5V Supply 

• 

+ 1.25 


+ 3.5 

V 

CMRR 

Common-Mode Rejection 

-3.75V<V CM <+3.5V 

• 

80 

96 


dB 

PSRR 

Supply Voltage Rejection 

Positive Supply 4.6V<V + <5.4V 

• 

60 

75 


dB 



Negative Supply 2V<V-<7V 

• 

80 

100 


dB 

Av 

Small Signal Voltage Gain 

1V<V out <2V 


1400 

3000 


V/V 

V OH 

Output High Voltage 

V + >4.6V, 

•out - 

• 

2.7 

2.9 


V 




l OU T=10mA 

• 

2.4 

2.8 


V 

VOL 

Output Low Voltage 


•sink = 4mA 

• 


0.3 

0.5 

V 




Isink= 10mA 



0.4 


V 

r . 

Positive Supply Current 


• 


25 

35 

mA 

1“ 

Negative Supply Current 


• 


3 

5 

mA 

V|H 

Latch Pin Hi Input Voltage 


• 

2.0 

V 

V|L 

Latch Pin Lo Input Voltage 



0.8 

V 

IlL 

Latch Pin Current 

Vlatch = ov 

• 

500 

„A 


6-42 


Jki/ TECHNOLOGY 






LT1016CS8 


ELECTRICAL CHARACTERISTICS 

V + = 5V, V - = 5V, Vout(Q) = 1 4V, Vlatch =0V,T a =25°C, unless otherwise noted. 


SYMBOL 

PARAMETERS 

CONDITIONS 

LT1016C 

MIN TYP MAX 

UNITS 

tpD 

Propagation Delay 
(Note 3) 

AV| N = 100mV,0D = 5mV 

• 

10 14 

16 

ns 

ns 



AV,n = 100mV, OD = 20mV 

• 

9 12 

15 

ns 

ns 

Atpo 

Differential Propagation 

Delay 

(Note 3) AV|n = lOOmV, OD = 5mV 


3 

ns 


Latch Setup Time 



2 

ns 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Input offset voltage is defined as the average of the two voltages 
measured by forcing first one output, then the other to 1 .4V. Input offset 
current is defined in the same way. 

Note 2: Input bias current (l B ) is defined as the average of the two input 
currents. 


Note 3: Propagation delay is measured with the overdrive added to actual 
V 0 s. Guaranteed but not tested. 

Note 4: Electrical specifications apply only up to 5.4V. 

Note 5: See text for discussion of input voltage range for supplies other 
than ±5V, or +5V. 
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LT1Q17/LT1018 

Micropower Dual Comparator 


F€ATUft€S 

■ Maximum Offset Voltage ImV 

■ Maximum Bias Current 15nA 

■ Typical Output Drive 70mA 

■ Operates from 1.1V to 40V 

■ Internal Pull-Up Current 

■ Output Can Drive Loads Above V + 

■ 30^tA Supply Current (LT1017) 
110/iA Supply Current (LT1018) 


APPUCflTIOnS 

■ Power Supply Monitors 

■ Relay Driving 

■ Oscillators 


DCSCMPTIOft 

The LT1017 and LT1018 are general purpose micropower 
comparators. The LT1017 is optimized for lowest operat- 
ing power while the LT1018 operates at higher power and 
higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class “B” pull- 
up current source, eliminating the need for an external re- 
sistive pull-up and saving power. The output stage is also 
designed to allow driving loads connected to a supply 
more positive than the device, as can comparators with 
open collector output stages. 

Input specifications are also excellent. On-chip trimming 
minimizes offset voltage, while high gain and common- 
mode rejection ratio keep other input-referred errors low. 
Common-mode voltage range includes ground. Special cir- 
cuitry prevents false output states even if the input is 
overdriven. 

The LT1017 and LT1018 are pin compatible with older dual 
comparators such as 393 type devices. 


1.5V Powered Refrigerator Alarm 


Supply Current 







LT1017/LT1018 


absolute mnximum RATines 


Supply Voltage 40V 

Differential Input Voltage 40V 

Input Voltage -0.3V to 40V 

Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1017M, LT1018M - 55°C to 125°C 

LT1017C, LT1018C 0°Cto70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


prckrgc/ordcr mFORmnnon 



ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT1017 | 

LT1018 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Offset Voltage 

± 0.75V <V S <± 20V 

25°C 


0.4 

1 


0.4 

1 

mV 

(Note 1) 


• 


0.5 

1.4 


0.5 

1.4 

mV 



125°C 



1.5 


0.7 

1.5 

mV 

Bias Current 

± 0.75V < V s < ± 20V 

25°C 


5 

15 


15 

75 

nA 



• 


7 

25 


18 

100 

nA 



125°C 


10 

40 



110 

nA 

Offset Current 

± 0.75V <V S < ±20V 

25°C 


0.4 

2 


1 

8 

nA 



• 


0.5 

3 


1.6 

12 

nA 



125°C 



12 



20 

nA 

Common-Mode Rejection Ratio 

V S =±20V, -20V<V cm <19.1V 

25°C 

105 

115 


105 

115 


dB 



• 

100 

115 


100 

115 


dB 



125°C 

86 

100 


95 

110 


dB 

Power Supply Rejection Ratio 

± 0.75V <V S < ± 20V 

25°C 

96 

110 


96 

110 


dB 



• 

95 

105 


95 

105 


dB 



125°C 

86 



86 

100 


dB 

Gain 

NoLoad,V 0 ui= ± 19.9V (Note 2) 

25°C 

110 

115 


110 

125 


dB 



• 

105 

115 


105 

120 


dB 



125°C 

100 



100 



dB 


Rl - 4k, Vqut = ± 19V 

25°C 

100 

110 


100 

110 


dB 



• 

94 



94 



dB 

Output Sink Current 

V + =4.5V,V‘=0 

25°C 

30 

65 


35 

70 


mA 


Overdrive>30mV 

• 

25 

50 


25 

50 


mA 



125°C 

10 

20 


10 

30 


mA 

Output Source Current 

V + =40V,V =0 

25°C 

30 

75 


75 

250 


,iA 


V| N = 5mV,V OU T=0.4V 

• 

25 

70 


50 

220 


iik 



125°C 

25 

75 


50 

200 


/* 

Output Source Current 

V + = 1.2V, V" =0 

25°C 

25 

35 


70 

140 


/*A 


V, N = 5mV, V 0UT = 0.4V 

• 

15 

20 


45 

120 





125°C 

25 

40 


40 

110 


fik 
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LT1017/LT1018 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT1017 

LT1018 

UNITS 

MIN TYP 

MAX 

MIN TYP 

MAX 

Negative Output Saturation 

l OUT = 0 V t =4.5V,V'=0 

25°C 

5 

20 

5 

15 

mV 


= 0.1mA V, N = -lOmV 

25°C 

35 

60 

35 

60 

mV 


= 1mA 

25°C 

60 

120 

60 

120 

mV 


= 10mA 

25°C 

120 

200 

120 

250 

mV 


= 30mA 

25°C 

350 

600 

350 

700 

mV 


•out = 0 

• 

5 

20 

8 

20 

mV 


= 0.1mA 

• 

40 

75 

35 

70 

mV 


= 1mA 

• 

75 

150 

70 

150 

mV 


= 10mA 

• 

150 

300 

150 

300 

mV 


= 30mA 

• 

600 

900 

500 

900 

mV 


•out = 0 

125°C 

25 

50 

10 

40 

mV 


= 0.1mA 

125°C 

60 

100 

60 

100 

mV 


= 1mA 

125°C 

100 

200 

110 

200 

mV 


= 10mA 

125°C 

300 

600 

300 

400 

mV 


= 30mA 

125°C 



900 


mV 

Positive Output Saturation 

o 
c : 

— i 

II 

O 

25°C 

40 

80 

35 

80 

mV 


= 10/iA 

25°C 

175 

250 

175 

250 

mV 


= 0 

• 

45 

90 

45 

90 

mV 


= 10/4 A 

• 

190 

300 

190 

300 

mV 


= 0 

125°C 

50 

100 

50 

100 

mV 


= %A 

125°C 


300 


300 

mV 

Leakage Current 

V S = 5V, V O ut = 40V 

25°C 

0.5 

3 

1 

8 

/iA 


V, N >100mV 

• 

0.6 

3 

1.8 

10 

liA 



125°C 


5 


15 

/iA 

Supply Current 

V S = 5V 

25°C 

30 

60 

110 

250 

mA 



• 

40 

80 

110 

250 

fA 



125°C 


80 


300 

*a 


V s = 40V 

25°C 

40 

90 

130 

250 

fA 



• 

55 

100 

140 

270 

/tA 



125°C 


100 


300 

pA 

Minimum Operating Voltage 

Iqut = 1 m A 

25°C 


1.15 


1.2 

V 



• 


1.15 


1.2 

V 



125°C 


1.15 


1.2 

v 


The • denotes specifications which apply over operating temperature Note 1 : Offset voltage is guaranteed over a common-mode voltage range of 

range of - 55°C to 85°C for M grade parts and 0°C to 70°C for C grade V" < V )N <(V + - 0.9V). 

P arts - Note 2: No load gain is guaranteed but not tested (LT1017 only). 


TYPICAL PCRFORfllARCC CHARACTERISTICS 


Input Bias Current 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Input Offset Current 















Jj 






J 

7 _ 

■ 

■ 

■ 

■ 




■ 

■ 






3 

— 

g 





-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bias Current vs Differential Input 



-20 - 0.2 - 0.1 0 0.1 0.2 20 
DIFFERENTIAL INPUT VOLTAGE (V) 
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Tvpicm p€RFORmnnc€ chrrrctcristics 


Input Bias Current with Inputs 
Driven Below the Supply 



COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Supply Current 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Positive Supply Current 



0.1 1 10 100 
OUTPUT SINK CURRENT mA 


NPN Output Saturation Voltage 



1/iA 10//A IOOaiA 1mA 10mA 100mA 
SINK CURRENT (mA) 


Output Sinking Current Limit 



1 2 5 10 20 30 40 

TOTAL SUPPLY VOLTAGE (V) 


Output Sinking Current Limit 


Total Switching Time 


Output Delay 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 



0.1 1 10 100 
OVERDRIVE (mV) 
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LT1017/LT1018 


TYPICAL P€RfOftmnnC€ CHflftACTCMSTICS 


Transition Time 



0 10 20 30 40 

TOTAL SUPPLY VOLTAGE (V) 


Positive Transition Time 



0.1 I 1 1 * i L- 

1k 10k 100k 1M 

PULL-UP RESISTOR (0) 



LT1017 Response Time 


0 5 10 15 20 25 30 35 
TIME ( M s) 

LT1018 Response Time 


LT1017 Response Time 


LT1018 Response Time 


0 5 10 15 20 25 30 35 
TIME (/iS) 




Appucnnons 

Driving Relays 


+ 12V 



increasing Positive Output Current 


v+ 
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LT1017/LT1018 










LXI017/LT1018 


nppucOTions 


Fully Isolated Limit Comparator 


5 V 



PRCKRGC DCSCfflPTIOfl 


H Package 

8-Lead TO-5 Metal Can 


N Package 
8-Lead Plastic DIP 



INSULATING 

STANDOFF 


REFERENCE 

PLANE 


0.400 

(10.160) 

MAX 

ra nr in m 


) 

— r 

0.250 ±0.010 
(6.350 ±0.254) 

i 

111 LiJ Lil til 



NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE. 


Tj max 

0ja 

0jc 


Tjmax 

0ja 

150°C 

150°C/W 

45°C/W 


100°c 

130°C/W 
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/7iint/\B_ LT1017CS/LT1018CS 

TECHNOLOGY Micropower Dual Comparator 


F€ATUR€S 

■ Maximum Offset Voltage ImV 

■ Maximum Bias Current 15nA 

■ Typical Output Drive 70mA 

■ Operates from 1.1V to 40V 

■ Internal Pull-Up Current 

■ Output Can Drive Loads Above V + 

■ 30/tA Supply Current (LT1017) 

110/iA Supply Current (LT1018) 


APPUCATIOnS 

■ Power Supply Monitors 

■ Relay Driving 

■ Oscillators 


DCSCRIPTIOn 

The LT1017 and LT1018 are general purpose micropower 
comparators. The LT1017 is optimized for lowest operat- 
ing power while the LT1018 operates at higher power and 
higher speed. Both devices can operate from a single 1.1V 
cell up to 40V. The output stage includes a class “B” pull- 
up current source, eliminating the need for an external re- 
sistive pull-up and saving power. The output stage is also 
designed to allow driving loads connected to a supply 
more positive than the device, as can comparators with 
open collector output stages. 

Input specifications are also excellent. On-chip trimming 
minimizes offset voltage, while high gain and common- 
mode rejection ratio keep other input-referred errors low. 
Common-mode voltage range includes ground. Special cir- 
cuitry prevents false output states even if the input is 
overdriven. 


1.5V Powered Refrigerator Alarm 


Supply Current 



u\mk 
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LT1017CS/LT1018CS 

absolute mnximum aatiags 


Supply Voltage 40V 

Differential Input Voltage 40V 

Input Voltage - 0.3V to 40V 

Short Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IflFORmflTIOfl 


r* 

TOP VIEW 


ORDER PART 
NUMBER 

NC [7 
NC [7 
OUTPUT A [7 
-IN A [7 
+ IN A [7 

* 

I 

?6| NC 

33 nc 

33 v + 

13) OUTPUT B 
lU -INB 

LT1017CS 

LT1018CS 

| 


v- [7 
NC [7 

s 

33 +IN B 

3 NC 

PART MARKING 

NC \T 

1 

7] NC 

LT1017CS 

LT1018CS 


S16 PACKAGE 
PLASTIC SOL 



ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS 

LT1017 | 

LT1018 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Offset Voltage 

± 0.75V <V S < ± 20 V 

25°C 


0.4 

1 


0.4 

1 

mV 

(Note 1) 


• 


0.5 

1.4 


0.5 

1.4 

mV 

Bias Current 

± 0.75V <V S < ± 20 V 

25°C 


5 

15 


15 

75 

nA 



• 


7 

25 


18 

100 

nA 

Offset Current 

±0.75V<V S <±20V 

25°C 


0.4 

2 


1 

8 

nA 



• 


0.5 

3 


1.6 

12 

nA 

Common-Mode Rejection Ratio 

V s = ±20V, -20V<V CM <19.1V 

25°C 

105 

115 


105 

115 


dB 



• 

100 

115 


100 

115 


dB 

Power Supply Rejection Ratio 

± 0.75 V <V S < ± 20 V 

25°C 

96 

110 


96 

110 


dB 



• 

95 

105 


95 

105 


dB 

Gain 

No Load, Vqut = ± 19.9V (Note 2) 

25°C 

110 

115 


110 

125 


dB 



• 

105 

115 


105 

120 


dB 


R L =4k, V 0 ut= ±19V 

25°C 

100 

110 


100 

110 


dB 



• 

94 



94 



dB 

Output Sink Current 

V + =4.5V,V=0 

25°C 

30 

65 


35 

70 


mA 


Overdrive >30mV 

• 

25 

50 


25 

50 


mA 

Output Source Current 

V + =40V, V" =0 

25°C 

30 

75 


75 

250 


#*A 


V| N = 5mV, Vqut = 0.4V 

• 

25 

70 


50 

220 


(“A 

Output Source Current 

V + = 1.2V, V" =0 

25°C 

25 

35 


70 

140 


/iA 


V| N = 5mV, V 0 ut = 0.4 V 

• 

15 

20 


45 

120 


r*A 
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LT1017CS/LT1018CS 


ELECTRICAL CHARACTERISTICS 


PARAMETER 

i 

CONDITIONS 

j LT1017 

LT1018 | 

UNITS 

MIN TYP 

MAX 

MIN TYP 

MAX 

Negative Output Saturation 

l OUT =0 V + =4.5V, V~ = 0 

25°C 

5 

20 

5 

15 

mV 


= 0.1mA V, N =-10mV 

25°C 

35 

60 

35 

60 

mV 


= 1mA 

25°C 

60 

120 

60 

120 

mV 


= 10mA 

25°C 

120 

200 

120 

250 

mV 


= 30mA 

25°C 

350 

600 

350 

700 

mV 


*OUT = 0 

• 

5 

20 

8 

20 

mV 


= 0.1mA 

• 

40 

75 

35 

70 

mV 


= 1mA 

• 

75 

150 

70 

150 

mV 


= 10mA 

• 

150 

300 

150 

300 

mV 


= 30mA 

• 

600 

900 

500 

900 

mV 

Positive Output Saturation 

'out = 0 

25°C 

40 

80 

35 

80 

mV 


= %A 

25°C 

175 

250 

175 

250 

mV 


= 0 

• 

45 

90 

45 

90 

mV 


= 10/tA 

• 

190 

300 

190 

300 

mV 

Leakage Current 

V S = 5V, V O ut = 40V 

25°C 

0.5 

3 

1 

8 

/*A 


V, N >100mV 

• 

0.6 

3 

1.8 

10 

H A 

Supply Current 

V S = 5V 

25°C 

30 

60 

110 

250 




• 

40 

80 

110 

250 

aA 


V s = 40V 

25°C 

40 

90 

130 

250 

H A 



• 

55 

100 

140 

270 

fik 

Minimum Operating Voltage 

Iout = 1itiA 

25°C 


1.15 


1.2 

V 



• 


1.15 


1.2 

V 


The • denotes specifications which apply over operating temperature 
range of0°Cto70°C. 


Note 1: Offset voltage is guaranteed over a common-mode voltage range of 
V - <V, N <(V + -0.9 V). 

Note 2: No load gain is guaranteed but not tested (LT1017 only). 
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TECHNOLOGY 


LTC1Q40 

Dual Micropower Comparator 


F€ATUR€S 


DCSCftlPTIOR 


■ Micropower 

1 ,5/tW (1 Sample /Second) 

■ Power Supply Flexibility 

Single Supply + 2.8V to + 16V 
Split Supply ±2.8 V to ±8 V 

■ Guaranteed Max. Offset 0.5mV 

■ Guaranteed Max. Tracking Error between Input 
Pairs ±0.1% 

■ Input Common-Mode Range to Both Supply Rails 

■ TTL/CMOS Compatible with ±5V or Single +5V 
Supply 

■ Input Errors are Stable with Time and Temperature 

APPUCATIOnS 

■ Battery Powered Systems 

■ Remote Sensing 

■ Window Comparator 

■ BANG-BANG Controllers 


The LTC1 040 is a monolithic CMOS dual comparator manu- 
factured using Linear Technology’s enhanced LTCMOS™ 
silicon gate process. Extremely low operating power levels 
are achieved by internally switching the comparator ON for 
short periods of time. The CMOS output logic holds the out- 
put information continuously while not consuming any 
power. 

In addition to switching power ON, a switched output is 
provided to drive external loads during the comparator’s 
active time. This allows not only low comparator power, 
but low total system power. 

Sampling is controlled by an external strobe input or an 
internal oscillator. The oscillator frequency is set by an ex- 
ternal RC network. 


Each comparator has a unique input structure, giving two 
differential inputs. The output of the comparator will be 
high if the algebraic sum of the inputs is positive and low 
if the algebraic sum of the inputs is negative. 



Window Comparator with Symmetric Window Limits 



A 0UT = “r WHEN 
V|N>Vc+A 


A + B = “1” WHEN 
Vc-A<V|n<Vc + A 


B out =“1” WHEN 

Vin<Vc-a 


Typical LTC1040 Supply Current 
vs Sampling Frequency 



LTCMOS™ is a trademark of Linear Technology Corporation. 
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LTC1040 


absolute mAximum ratiags 

Total Supply Voltage (V+ to V - ) 18V 

Input Voltage (V+ +0.3V)to(V- -0.3V) 

Operating Temperature Range 

LTC1040C — 40°Cto 85°C 

LTC1040M -55°Cto 125°C 

Storage Temperature Range -55°Cto150°C 

Lead Temperature (Soldering, lOsec.) 300°C 

Output Short Circuit Duration Continuous 


PRCKRG€/ORD€R IRFORRIRTIOR 





TEMPERATURE 

ORDER 

STROBE [7 

v-/ 


RANGE 

PART NUMBER 

ON/OFF [7 









-55°C to 125°C 

LTC1040MJ 



jH B 0UT 

-40°C to 85°C 

LTC1040CN 


LTC1040 



LTC1040CJ 











A2 ‘GE 
















€l€CTRICRl CHRRRCTCRISTICS 


Test conditions: V + =5 V, V = - 5 V, Tmin^Ta^Tmax unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1040M/LTC1040C 

MIN TYP MAX 

UNITS 

v os 

Offset Voltage (Note 1) 

Split Supplies ± 2.8V to ±6V 

Single Supply (V~=GND) + 2.8Vto 6 V 

• 

±0.3 ±0.5 

mV 

Split Supplies ±6V to ±8V 

Single Supply (V - =GND) + 6V to + 15V 

• 

±1 ±3 

mV 


Tracking Error 
between Input Pairs 
(Notes 1 and 2) 

Split Supplies ± 2.8V to ±8V 

Single Supplies (V~=GND) +2.8 to +16V 

• 

0.05 0.1 

% 

'bias 

Input Bias Current 

T a = 25°C, 0SC = GND 


±0.3 

nA 

R ■. 

Average Input 

Resistance 

f s = 1kHz (Note 3) 

• 

20 30 

MO 

CMR 

Common-Mode Range 


• 

V" v + 

V 

PSR 

Power Supply Range 

Split Supplies 

• 

±2.8 ±8 

V 

Single Supplies (V“ =GND) 

• 

+ 2.8 +16 

V 

'S(ON) 

Power Supply ON 

Current (Note 4) 

V + =5V, VppOn 

• 

1.2 3 

mA 

's(OFF) 

Power Supply OFF 

Current (Note 4) 

V + =5V,V PP Off LTC1040C 

LTC1040M 

• 

• 

0.001 0.5 

0.001 5 

aA 

fJL A 


Response Time 
(Note 5) 

T A = 25°C 


60 80 100 

fiS 

V 0 H 

VOL 

A, B, A + B and 

ON/OFF Outputs (Note 6) 
Logic “1” Output Voltage 
Logic “0” Output Voltage 

V + =4. 75V, I 0 ut = — 360/iA 

V + =4. 75V, I 0U t = 16mA 

• 

• 

2.4 4.4 

0.25 0.4 

V 

V 

VlH 

VlL 

STROBE Input (Note 6) 

Logic “1” Input Voltage 
Logic “0” Input Voltage 

V + =5. 25V 

V + =4. 75V 

• 

2.0 1.6 

1.0 0.8 

V 

V 

R EXT 

External Timing 

Resistor 

Resistor Tied between V + and OSC Pin 

• 

100 10,000 

kO 

h 

Sampling Frequency 

T a = 25°C, R[:xt = 1M^< Cext = 0-^a i F 


5 

Hz 
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LTC1040 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Applies over input voltage range limit and includes gain 
uncertainty. 

Note 2: Tracking error = (V|ni -V||\| 2 )/V|ni. 

Note 3: Rin is guaranteed by design and is not tested. 

R|N = 1/(fsx33pF). 


Note 4: Average supply current = tg x IS(ON) x fs + (1 - tD x fs) x 
'S(OFF). 

Note 5: Response time is set by an internal oscillator and is independent 
of overdrive voltage. 

Note 6: Inputs and outputs also capable of meeting EIA/JEDEC B series 
CMOS specifications. 


TYPICAL PCRFORmnnCC CHRRRCT6RISTICS 


Peak Supply Current vs 
Supply Voltage 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, V+ (V) 


Normalized Sampling 
Frequency vs Supply Voltage 
and Temperature 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, V+ (V) 



Response Time vs Supply 
Voltage 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, V + (V) 


Input Resistance vs Sampling 
Frequency 



SAMPLING FREQUENCY, f s (Hz) 


Vpp Output Voltage vs Load 
Current 



u\gm 
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LTC1040 


TVPiem. P€RFORmnnC€ CHRRRCT6RISTICS 


Response Time vs 


Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Quick Hookup Guide 


Self-Oscillating External Strobe 




T€ST CIRCUIT 


V+ (18) 



ALL INPUTS ON OPPOSITE COMPARATOR AT GROUND 


BLOCK DIRGRRm 


v+ 
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LTC1040 


AppucHTions infORmnnon 

The LTC1040 uses sampled data techniques to achieve 
its unique characteristics. Some of the experience ac- 
quired using classic linear comparators does not apply to 
this circuit, so a brief description of internal operation is 
essential to proper application. 

The most obvious difference between the LTC1040 and 
other comparators is the dual differential input structure. 
Functionally, when the sum of inputs is positive, the com- 
parator output is high and when the sum of the inputs is 
negative, the output is low. This unique input structure is 
achieved with CMOS switches and a precision capacitor 
array. Because of the switching nature of the inputs, the 
concept of input current and input impedance needs to be 
examined. 

The equivalent input circuit is shown in Figure 1. Here, 
the input is being driven by a resistive source, Rs , with a 
bypass capacitor, Cs . The bypass capacitor may or may 
not be needed, depending on the size of the source re- 
sistance and the magnitude of the input voltage, Vin . 



Figure 1 . Equivalent Input Circuit 


For RsclOkQ 

Assuming Cs is zero, the input capacitor, Cin , charges to 
Vin with a time constant of Rs Cin . When Rs is too large, 
Cin does not have a chance to fully charge during the 
sampling interval («80jts) and errors will result. If Rs 
exceeds lOkO a bypass capacitor is necessary to mini- 
mize errors. 

For Rs>10kfi 

For Rs greater than lOkO, Cin cannot fully charge and a 
bypass capacitor, Cs , is needed. When switch SI closes, 


charge is shared between Cs and Cin . The change in 
voltage on Cs because of this charge sharing is: 

Cin 

aV=Vinx ClN+Cs 

This represents an error and can be made arbitrarily small 
by increasing Cs . 

With the addition of Cs a second error term caused by the 
finite input resistance of the LTC1040 must be con- 
sidered. Switches SI and S2 alternately open and close, 
charging and discharging Cin between Vin and ground. 
The alternate charge and discharge of Cin causes a cur- 
rent to flow into the positive input and out of the negative 
input. The magnitude of this current is: 

Iin =q xfs = Vin Cin fs 

where fs is the sampling frequency. Because the input 
current is directly proportional to input voltage, the 
LTC1040 can be said to have an average input resistance 
of: 

d... _ Vin _ 1 _ 1 

N Iin fs Cin fsx33pF 

(see typical curve of Rin vs fs ). A voltage divider is set up 
between Rs and Rin causing error. 

The input voltage error caused by these two effects is: 

Verror = Vin (cin+Cs + Rs + Rin)' 

Example: fs = 10Hz, Rs = 1Mfi, 

C S = VF, Vin = IV 

w ,,, /33x10~ 12 ^ 10 6 \ 

veRRQR— ivy i xio~ 6 + io 6 +3xio 9 / 

= 33/tV + 330jtV = 363jtV. 

Notice that most of the error is caused by Rin . If the 
sampling frequency is reduced to 1Hz, the voltage error 
is reduced to 66/tV. 


/run™ 
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LTC1040 


flppucfluons mFORmmion 

Minimizing Comparison Errors 

The two differential input voltages, VI and V2, are con- 
verted to charge by the input capacitors Cini and Cin2 
(see Figure 2). The charge is summed at the virtual 
ground point and if the net charge is positive, the com- 
parator output is high and if negative, it is low. There is an 
optimum way to connect these inputs, in a specific appli- 
cation, to minimize error. 

r 1 



L ^Tm40£U^0SmR«Ti^NPUT J 

Figure 2. Dual Differential Equivalent input Circuit 

Ignoring internal offset, the LTC1 040 will be at its switch- 
ing point when: 

VI xCini +V2xCin2 = 0. 

Optimum error will be achieved when the differential 
voltages, VI and V2, are individually minimized. Figure 3 
shows two ways to connect the LTC1040 to compare an 
inputvoltage, Vin , to a reference voltage, Vref. Using the 
above equation, each method will be at null when: 

(a) (Vref-0V)Cini-(0V-Vin)Cin2 = 0 
or Vin = Vref (Cini/Cin 2 ) 

(b) (Vref -Vin) Cini - (OV-OV) C| N 2=0 
or Vin = Vref. 

Notice that in method (a) the null point depends on the 
ratio of Cini /Cin2 , but method (b) is independent of this 
ratio. Also, because method (b) has zero differential input 
voltage, the errors due to finite input resistance are 
negligible. The LTC1040 has a high accuracy capacitor 
array and even the non-optimum connection will only 
result in ±0.1% more error worst-case compared to the 
optimum connection. 


Tracking Error 

Tracking error is caused by the ratio error between Cini 
and Cin 2 and is expressed as a percentage. For example, 
consider Figure 3(a) with Vref = IV. Then at null, 

Vin = Vref ^ = 1V±1mV 

because Cini is guaranteed to equal Cin 2 to within 0. 1 % . 



Figure 3. Two Ways to Do It 


Common-Mode Range 

The input switches of the LTC1 040 are capable of switch- 
ing to either the V + orV~ supply. This means that the in- 
put common-mode range includes both supply rails. 
Many applications, not feasible with conventional com- 
parators, are possible with the LTC1040. In the load cur- 
rent detector shown in Figure 4, a 0.1 Q resistor is used to 
sense the current in the V + supply. This application re- 
quires the dual differential input and common-mode 
capabilities of the LTC1040. 



Figure 4. Load Current Detector 






LTC1040 


flppucOTions mfoftmfmon 

Offset Voltage Error 

The errors due to offset, common-mode, power supply 
variation, gain and temperature are all included in the off- 
set voltage specification. This makes it easy to compute 
the error when using the LTC1040. 

Example: error computation for Figure 4. 

Assume: 2.8V<Vs<6V. 

Then total worst-case error is: 

I L(ERROB) = ± ( 1 00mv x 0 . 001 + 0 . 5m V) x = ± 6mA 

Tracking Error Vos 

k(ERROR)°/° = ^^ x 100= ±0.6%. 

Note: If source resistance exceeds 10kl2, bypass 
capacitors should be used and the associated errors 
must be included. 

Pulsed Power (Vpp) Output 

It is often desirable to use comparators with resistive net- 
works such as bridges. Because of the extremely low 
power consumption of the LTC1040, the power con- 
sumed by these resistive networks can far exceed that of 
the device itself. 

At low sample rates the LTC1040 spends most of its time 
off. To take advantage of this, a pulsed power (Vpp) out- 
put is provided. Vpp is switched to V + when the com- 
parator is on and to a high impedance (open circuit) when 
the comparator is off. The ON time is nominally 80/ts. 
Figure 5 shows the Vpp output circuit. 


The Vpp output voltage is not precise (see Vpp Output 
Voltage versus Load Current curve). There are two ways 
Vpp can be used to power external networks without ex- 
cessive errors: (1) ratiometric networks and (2) fast set- 
tling references. 

In a ratiometric network (see Figure 6), the inputs are all 
proportional to Vpp . Consequently, for small changes, the 
absolute value of Vpp does not affect accuracy. 



Figure 6. Ratiometric Network Driven by Vpp 


It is critical that the inputs to the LTC1040 completely 
settle within 4jtts of the start of the comparison cycle and 
that they do not change during the 80/*s ON time. When 
driving resistive networks with Vpp , capacitive loading on 
the network should be minimized to meet the 4/*s settling 
time requirement. It is not recommended that Vpp be 
used to drive networks with source impedances, as seen 
by the inputs, of greater than lOkft. 



In applications where an absolute reference is required, 
the Vpp output can be used to drive a fast settling 
reference. The LT1009 2.5 V reference, ideal in this ap- 
plication, settles in approximately Zns (see Figure 7). The 
current through R1 must be large enough to supply the 
LT 1 009 minimum bias current ( ~ 1mA) and the load cur- 
rent, I|_. 



Figure 5. Vpp Output Switch 


Figure 7. Driving Reference with Vpp Output 
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LTC1040 


APPlICATIOnS mfORfllATIOn 

Output Logic 

In addition to the normal outputs (Aqut and Bout), two 
additional outputs, A+Band ON/OFF, are provided (see 
Figure 8 and Table I). All logic is powered from V+ and 
ground, thus input and output logic levels are independ- 
ent of the V~ supply. The LTC1040 is directly com- 
patible with CMOS logic and is TTL compatible for 
4.75V <V + <5.25 V. No external pull-up resistors are 
required. 



Table 1. Output Logic Truth Table 


EA INPUTS 

EB INPUTS A out 

Bout 

A + B 

ON/OFF 

+ 

+ H 

H 

L 

L 

+ 

H 

L 

L 

L 

- 

+ L 

H 

L 

H 

— 

L 

L 

H 

r 


*1 = indeterminate. When both A and B outputs are low, the ON /OFF output 
remains in the state it was in prior to entering A 0 ut= B out = L. 


Using External Strobe 

A positive pulse on the strobe input, with the OSC input 
tied to ground, will initiate a comparison cycle. The 
STROBE input is edge-sensitive and pulse widths of 50ns 
will typically trigger the device. 


Because of the sampling nature of the LTC1040, some 
sensitivity exists between the offset voltage and the fall- 
ing edge of the input strobe. When the falling edge of the 
strobe signal falls within the comparator’s active time 
(80/iS after rising edge), offset changes of as much as 
2mV can occur. To eliminate this problem, make sure the 
strobe pulse width is greater than the response time, to. 

Using Internal Strobe 

An internal oscillator allows the LTC1040 to strobe itself. 
The frequency of oscillation, and hence sampling rate, is 
set by an external RC network (see typical curve of fre- 
quency versus Rext, Cext). 

For self-oscillation, the STROBE pin must be tied to 
ground. The external RC network is connected as shown 
in Figure 9. 

To assure oscillation, Rext must be between 100k and 
1 0M . There is no limit to the size of Cext . 

Rext is very important in determining the power con- 
sumption. The average voltage at the oscillator pin is ap- 
proximately V + /2. The power consumed by Rext is 
then: Prext = (V + /2) 2 /Rext- 



I ON/OFF 
1 ( 2 ) 


1 a out 
1(4) 

I A + B 
1 ( 3 ) 

I Bout 
1(15) 


^- 80 ais-*-| 



Figure 8. LTC1040 Logic Diagram 


Figure 9. External RC Connection 
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LTC1040 


TYPICAL APPUCflTIOnS 

Hysteresis Comparator with Fully Floating Differential Input 


v+ 



0UT = "0" WHEN R1 =0.996 V TB |p+20iriV 

OUT = “ V WHEN V IN < VI = = 0-996V T rip 

*T0 CENTER HYSTERESIS ABOUT Vjrip FORCE THIS INPUT TO HYSTERESIS/2 (lOmV) 


Temperature Controlled Cooling Fan to Reduce Fan Noise, Power Consumption and Wear 


v+ 



The LTC1040 as a Linear Amplifier 

With a simple RC filter the LTC1040 can be made to func- 
tion as a linear amplifier. By filtering the logic output and 
feeding it back to the negative input, the loop forces the 
output duty cycle [toN / (toN + tOFF )] so that Vout equals 
Vin (Figure 10). 

The RC time constant is set to keep the ripple on the output 
small. The maximum output ripple is: AV = V + /fsRC and 
should be set to 0.5mV to 1 mV for best results. Notice that 
the higher the sampling frequency, fs , the lower RC can 
be. This is important because the RC filter also sets the 
loop response. A convenient way to keep fs as high as 
possible under all conditions is to connect a 100k resistor 
to pin 16 (OSC) with no capacitance to ground. 


V + 



VOUT 



*ON 

l ON + tOFF 


Figure 10. The LTC1040 as a Linear Amplifier 
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LTC1040 


TVPICfll flPPUCOTIOnS 


2-Wire 0°C to 100°C Temperature Transducer with 4mA to 20mA Output 


rtn 


12V TO 40V 
■ 0°C = 4mA 
100°C = 20mA 




I 1 


MN914 >4300 


I 1 

>1 'it I 

I I 


Ik I 

I ZERO I 

ADJUST > 100k 


I I 

t YELLOW SPRINGS INSTRUMENT 
PART NO. 44201 


FULL-SCALE 

ADJUST 


ACCURACY = ±0.1°C + ±0.2°C =±0.3°C 

CIRCUIT ERROR TRANSDUCER 

AT 25°C ERROR 


Analog Multiplier/ Divider 


Single + 5V Voltage-to-Frequency Converter 



(V a +V1~V2)xV c 
v out= 

ACCURACY = ± lOmV NO TRIM 
VrMUST BE >V a +(V1-V2) 



Tout (AVERAGE) =f| N y^±0 1% FS 
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LTC1040 


PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 

J Package 

18 Lead Hermetic DIP 



T jmax 

e jA 

150°C 

80°C/W 


N Package 
18 Lead Plastic DIP 




Tjmax 

©jA 

110°C 

120°C/W 
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FCRTUR6S 

■ Micropower 1.5/tW (1 Sample /Second) 

■ Wide Supply Range 2.8V to 16V 

■ High Accuracy 

Guaranteed SET POINT Error ±0.5mV Max. 
Guaranteed Deadband ±0.1% of Value Max. 

■ Wide Input Voltage Range V + to Ground 

■ TTL Outputs with 5 V Supply 

■ Two Independent Ground-Referred Control Inputs 
* Small Size 8-Pin MiniDIP 


RPPUCRTIORS 

■ Temperature Control (Thermostats) 

■ Motor Speed Control 

■ Battery Charger 

■ Any ON-OFF Control Loop 


LTC1041 


BANG- BANG Controller 

DCSCRIPTIOR 

The LTC1 041 is a monolithic CMOS BANG-BANG controller 
manufactured using Linear Technology’s enhanced 
LTCMOS™ silicon gate process. BANG-BANG loops are 
characterized by turning the control element fully ON or 
fully OFF to regulate the average value of the parameter to 
be controlled. The SET POINT input determines the aver- 
age control value and the DELTA input sets the deadband. 
The deadband is always 2 x DELTA and is centered around 
the SET POINT. Independent control of the SET POINT and 
deadband, with no interaction, is made possible by the 
unique sampling input structure of the LTC1041. 


An external RC connected to the OSC pin sets the sam- 
pling rate. At the start of each sample, internal power to 
the analog section is switched on for « 80/tS. During this 
time the analog inputs are sampled and compared. After 
the comparison is complete, power is switched off. This 
achieves extremely low average power consumption at 
low sampling rates. CMOS logic holds the output con- 
tinuously while consuming virtually no power. 


To keep system power at an absolute minimum, a switched 
power output (Vpp) is provided. External loads, such as 
bridge networks and resistive dividers, can be driven by 
this switched output. 



The output logic sense (i.e., ON =V + ) can be reversed 
(i.e., 0N = GND) by interchanging the Vin and SET 
POINT inputs. This has no other effect on the operation of 
the LTC1041. 


Ultra Low Power 50°F to 100°F (2.4/tW) Thermostat 


Supply Current vs Sampling Frequency 



ALL RESISTORS 1 %. SAMPLING FREQUENCY, f s (Hz) 

'YELLOW SPRINGS INSTRUMENT CO., INC. P/N 44007 
DRIVING THERMISTOR WITH V PP ELIMINATES 3.8°F 

ERROR DUE TO SELF-HEATING. LTCMOS M is a trademark of Linear Technology Corporation 
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LTC1041 


absolute mnximum rrtirgs 

Total Supply Voltage (V+ toV“) 18V 

Input Voltage (V+ +0.3V)to(V~ -0.3V) 

Operating Temperature Range 

LTC1041C — 40°Cto 85°C 

LTC1041M -55°Cto125°C 

Storage Temperature Range -55°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Output Short Circuit Duration Continuous 


PRCKRGC/ORD6R IRFORmfiTIOR 





TEMPERATURE 

RANGE 

ORDER PART 
NUMBER 

ON /OFF \T 


TJ v 

VinU 

SET POINT |T 

gnd[T 

LTC1041 

3Vpp 

TTJOSC 

T] DELTA 

-55°C to 125°C 
-40°C to 85°C 

LTC1041MJ8 

LTC1041CN8 

J8 PACKAGE N8 PACKAGE 

HERMETIC DIP PLASTIC DIP 




ELECTRICAL CHARACTERISTICS 

Test Conditions: V+ =5V, Tmin^Ta<Tmax unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1041M/LTC1041C 

MIN TYP MAX 

UNITS 


SET POINT Error (Note 2) 

V + =2.8V to 6V (Note 1) 



±0.3 

±0.5 

mV 



i 

• 


+ 

+ 







±0.05 

±0.1 

% of DELTA 



V + =6V to 15V (Note 1) 



±1 

±3 

mV 




• 


+ 

-1- 







±0.05 

±0.1 

% of DELTA 


Deadband Error (Note 3) 

V + = 2.8V to 6V (Note 1) 



±0.6 

±1 

mV 




• 


+ 

+ 







±0.1 

±0.2 

% of DELTA 



V + =6V to 15V (Note 1) 



±2 

±6 

mV 




• 


-1- 

+ 







±0.1 

±0.2 

% of DELTA 

•os 

Input Current 

V + =5V, T a = 25°C, OSC = GND 
(V, N) SET POINT and DELTA Inputs) 


±0.3 

nA 

Rin 

Equivalent Input Resistance 

f s = 1kHz (Note 4) 

• 

10 

15 


m 


Input Voltage Range 


• 

GND 


V + 

V 

PSR 

Power Supply Range 


• 

2.8 


16 

V 

•s(0N) 

Power Supply ON 

Current (Note 5) 

V + = 5V, VppON 

• 


1.2 

3 

mA 

•s(OFF) 

Power Supply OFF 

V + =5V, V PP OFF LTC1041C 



0.001 

0.5 

fik 

Current (Note 5) 

LTC1041M 

• 


0.001 

5 

M 


Response Time (Note 6) 

< 

+ 

II 

cn 

< 


60 

80 

100 

AS 


ON/OFF Output (Note 7) 







V 0H 

Logical “1” Output Voltage 

V + =4.75V, l 0 UT= — 360/iA 

• 

2.4 

4.4 


V 

VOL 

Logical “0” Output Voltage 

V + = 4.75V, I 0 ut= 16mA 



0.25 

0.4 

V 

r ext 

External Timing Resistor 

Resistor Connected between V + and OSC Pin 

• 

100 


10,000 

kfi 

fs 

Sampling Frequency 

V + = 5V, T a =25°C, 

F*ext=1M Cb<t=0.1/iF 


5 

Hz 


Note 3: Deadband error = (V y — Vl) — 2 x DELTA where V y = upper band 
limit and V L = lower band limit. 

Note 4: R| N is guaranteed by design and is not tested. 

R| N = 1/(f s x66pF). 

Note 5: Average supply current = t D x I S (on) x f s + (1 - ' to x fs) I s(off) ■ 
Note 6: Response time is set by an internal oscillator and is independent 
of overdrive voltage. t D =Vpp pulse width. 

Note 7: Output also capable of meeting EIA/JEDEC standard B series 
CMOS drive specifications. 


The • denotes the specifications which apply over the full operating 
temperature range. The shaded electrical specifications indicate those 
parameters which have been improved or guaranteed test limits provided 
for the first time. 

Note 1: Applies over input voltage range limit and includes gain 
uncertainty. 

Note 2: SET POINT error = 

where Vy = upper band limit and V L = lower band limit. 


^ -SETPOINT 
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LTC1041 


typical PCRFOftmnnce characteristics 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, V + (V) 


Normalized Sampling 
Frequency vs V + , 
Temperature 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, V+ (V) 



100k 1M 10M 

Rext (0) 


Response Time vs Supply 
Voltage 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, V+ (V) 


Response Time vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Vpp Output Voltage vs Load 
Current 



R| N vs Sampling Frequency 
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AppucATions inFORmATion 

The LTC1041 uses sampled data techniques to achieve 
its unique characteristics. It consists of two comparators, 
each of which has two differential inputs (Figure 1). 
When the sum of the voltages on a comparator’s inputs is 
positive, the output is high and when the sum is negative, 
the output is low. The inputs are interconnected such that 
the RS flip-flop is reset (ON/OFF = GND)_ when 
Vin > (SET POINT + DELTA) and is set (0N/0FF=V+) 
when Vin < (SET POINT- DELTA). This makes a very 
precise hysteresis loop of 2 x DELTA centered around the 
SET POINT. See Figure 1(b). 


For RsdOkQ 

The dual differential input structure is made with CMOS 
switches and a precision capacitor array. Input imped- 
ance characteristics of the LTC1041 can be determined 
from the equivalent circuit shown in Figure 2. The input 
capacitance will charge with a time constant of Rs x Cm . 
The ability to fully charge Cm from the signal source dur- 
ing the controller’s active time is critical in determining 
errors caused by the input charging current. For source 
resistances less than lOkO, Cm fully charges and no er- 
ror is caused by the charging current. 




(b) 


Figure 1. LTC1041 Block Diagram 



Figure 2. Equivalent Input Circuit 
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APPucATions inFOftmnTion 

For Rs>10kfi 

For source resistances greater than lOkO, Cin cannot fully 
charge, causing voltage errors. To minimize these errors, an 
input bypass capacitor, Cs, should be used. Charge is 
shared between Cin and Cs, causing a small voltage error. 
The magnitude of this error is AV = Vin x Cin / (Cin + Cs ) . 
This error can be made arbitrarily small by increasing Cs . 

The averaging effect of the bypass capacitor, Cs , causes 
another error term. Each time the input switches cycle 
between the plus and minus inputs, Cin is charged and 
discharged. The average input current due to this is 
Iavg = Vin xCin xfs, where fs is the sampling fre- 
quency. Because the input current is directly proportional 
to the differential input voltage, the LTC1041 can be said 
to have an average input resistance of Rin = Vin / Iavg = 
l/(fsxCiN). 

Since two comparator inputs are connected in parallel, 
Rin is one half of this value (see typical curve of Rin ver- 
sus fs ) . This finite input resistance causes an error due to 
the voltage divider between Rs and Rin . 

The input voltage error caused by both of these effects is 
Verror = Vin [2Cin / (2Cin + C s ) + Rs / (Rs + Rin )] . 

Example: assume fs = 10Hz, Rs = 1M, Cs = 1/tF, 
Vin = IV, Verror = 1 V(66jaV + 660/tV) = 726/xV. Notice 
that most of the error is caused by Rin . If the sampling 
frequency is reduced to 1Hz, the voltage error from the 
input impedance effects is reduced to 136/A/. 

Input Voltage Range 

The input switches of the LTC1041 are capable of switch- 
ing either to the V + supply or ground . Consequently, the 
input voltage range includes both supply rails. This is a 
further benefit of the sampling input structure. 

Error Specifications 

The only measurable errors on the LTC1041 are the devi- 
ations from “ideal” of the upper and lower switching 
levels [Figure 1(b)]. From a control standpoint, the error 


in the SET POINT and deadband is critical. These errors 
may be defined in terms of Vu and Vl . 

SET POINT error = - SET POINT 

deadband error = (Vu-Vl)- 2 x DELTA 

The specified error limits (see electrical characteristics) 
include error due to offset, power supply variation, gain, 
time and temperature. 

Pulsed Power (Vpp) Output 

It is often desirable to use the LTC1041 with resistive net- 
works such as bridges and voltage dividers. The power 
consumed by these resistive networks can far exceed 
that of the LTC1041 itself. 

At low sample rates the LTC1041 spends most of its time 
off. A switched power output, Vpp, is provided to drive 
the input network, reducing its average power as well. 
Vpp is switched to V + during the controller’s active time 
( « 80/*s) and to a high impedance (open circuit) when in- 
ternal power is switched off. 

Figure 3 shows the Vpp output circuit. The Vpp output 
voltage is not precisely controlled when driving a load 
(see typical curve of Vpp output voltage versus load cur- 
rent). In spite of this, high precision can be achieved in 
two ways: (1) driving ratiometric networks and (2) driv- 
ing fast settling references. 


V + 



Figure 3. Vpp Output Switch 
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RPPUCATIOnS inFORIDHTIOn 

In ratiometric networks (Figure 4) all the inputs are pro- 
portional to Vpp . Consequently, the absolute value of Vpp 
does not affect accuracy. 



Figure 4. Ratiometric Network Driven by Vpp 

If the best possible performance is needed, the inputs to 
the LTC1041 must completely settle within 4/*s of the 
start of the comparison cycle (Vpp high impedance to V + 
transition). Also, it is critical that the input voltages do not 
change during the 8<Vs active time. When driving resis- 
tive input networks with Vpp, capacitive loading should 
be minimized to meet the 4/ts settling time requirement. 
Further, care should be exercised in layout when driving 
networks with source impedances, as seen by the 
LTC1041, of greater than lOkfi (see For Rs>10kO). 

In applications where an absolute reference is required, 
the Vpp output can be used to drive a fast settling 
reference. The LTC1009 2.5V reference settles in ~2/tS 
and is ideal for this application (Figure 5). The current 
through R1 must be large enough to supply the LT1009 
minimum bias current ( = 1mA) and the load current, II . 



Internal Oscillator 

An internal oscillator allows the LTC1041 to strobe itself. 
The frequency of the oscillation, and hence the sampling 
rate, is set with an external RC network (see typical 
curve, OSC frequency versus Rext, Cext). Rext and 
Cext are connected as shown in Figure 1 . To assure oscil- 
lation, Rext must be between lOOkfi and lOMfi. There is 
no limit to the size of Cext . 

At low sampling rates, Rext is very important in deter- 
mining the power consumption. Rext consumes power 
continuously. The average voltage at the OSC pin is ap- 
proximately V + /2, giving a power dissipation of 
Prext = (V + / 2) 2 / Rext . 

Example: assume Rext = 1MQ, V + =5V, Prext = 
(2.5) 2 /10 6 = 6.25j«W. This is approximately four times 
the power consumed by the LTC1041 at V+ =5 V and 
fs = 1 sample /second. Where power is a premium, Rext 
should be made as large as possible. Note that the power 
dissipated by Rext is not a function of fs or Cext . 

If high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make Rext = lOOkft 
and Cext = 0 . The sampling rate, set by the controller’s ac- 
tive time, will nominally be = 10kHz. 

To synchronize the sampling of the LTC1041 to an exter- 
nal frequency source, the OSC pin can be driven by a 
CMOS gate. A CMOS gate is necessary because the input 
trip points of the oscillator are close to the supply rails and 
TTL does not have enough output swing. Externally 
driven, there will be a delay from the rising edge of the 
OSC input and the start of the sampling cycle of approx- 
imately 5/u.s. 


Figure 5. Driving Reference with Vpp Output 
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LTC1041 


PRCKRG€ DESCRIPTOR Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8 Lead Hermetic DIP 



N Package 
8 Lead Plastic 
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Window Comparator 
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F€ATUR€S 

■ Micropower 1.5/tW(1 Sample/Second) 

■ Wide Supply Range— + 2.8V to + 16V 

■ High Accuracy 

Center Error ±1 mV Max 
Width Error ±0.15% Max 

■ Wide Input Voltage Range 

V + to Ground 

■ TTL Outputs with 5V Supply 

■ Two Independent Ground-Referred Control Inputs 

■ Small Size 8-Pin MiniDIP 


APPUCATIORS 

■ Fault Detectors 

■ Go/No-Go Testing 

■ Microprocessor Power Supply Monitor 


LTCMOS™ is a trademark of Linear Technology Corp. 


DCSCRIPTIOn 

The LTC1042 is a monolithic CMOS window comparator 
manufactured using Linear Technology’s enhanced 
LTCMOS™ silicon gate process. Two high impedance 
voltage inputs, CENTER and WIDTH/2, define the middle 
and width of the comparison window. Whenever the input 
voltage, Vin, is inside the window the WITHIN WINDOW 
output is high. The ABOVE WINDOW output is high 
whenever Vin is above the window. By interchanging Vin 
and CENTER the ABOVE WINDOW output becomes 
BELOW WIN DOW and is high if Vin is below the window. 

Sampling techniques provide high impedance voltage in- 
puts that can common-mode to both supply rails (V + and 
GND). An important feature of the inputs is their non- 
interaction. Also the device is effectively “chopper 
stabilized”, giving it extremely high accuracy over all 
conditions of temperature, power supply and input voltage 
range. 

Another benefit of the sampling techniques used to de- 
sign the LTC1042 is the extremely low power consump- 
tion. When the device is strobed, it internally turns on the 
power to the comparators, samples the inputs, stores the 
outputs in CMOS latches and then turns off power to the 
comparators. This all happens in about 80/ts. Average 
power can be made small, almost arbitrarily, by lowering 
the strobe rate. The device can be self-strobed using an 
external RC network or strobed externally by driving the 
OSC pin with a CMOS gate. 


Battery Powered Remote Freezer Alarm 



“Hr TEMPERATURE 
BETWEEN 
26°F AND 31 °F 
=t1°F 

“HI” TEMPERATURE 
ABOVE 31 °F 
±1°F 


T = YELLOW SPRINGS INSTRUMENT CO., INC. P/N 44007. 

ALL RESISTORS ±1% UNLESS OTHERWISE SPECIFIED. 

‘OTHER TEMPERATURE BANDS MAY BE SELECTED BY CHOOSING APPROPRIATE VALUES FOR R1 AND R2. 


Total Supply Current vs Sampling 
Frequency 



1 10 100 1000 10000 
SAMPLING FREQUENCY, f s (Hz) 
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absolute mnximum rrtirgs 


Total Supply Voltage (V + toGND) 18V 

Input Voltage V + + 0.3V to - 0.3V 

Operating Temperature Range 

LTC1042C — 40°C to 85°C 

LTC1042M — 55°C to 125°C 

Storage Temperature Range - 55°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Output Short Circuit Duration Continuous 


PRCKRGE/ORDER IRFORmfiTIOR 



TOP VIEW 


ORDER 

PART NUMBER 

WITHIN WINDOW 


][]v+ 

CENTER [7 
Vjn E 
gnd[T 

LTC1042 

7]osc 

7] ABOVE WINDOW 

7] WIDTH/2 

LTC1042MJ8 

LTC1042CN8 

J8 PACKAGE N8 PACKAGE 

HERMETIC PLASTIC 


€L€CTRICRLCHRRRCT€RISTICSie S tconditions : Tmin ^Ta<Tmax unless otherwise specified 


SYMBOL 

PARAMETER 

TEST CONDITIONS | 

MIN TYP MAX 

UNITS 


Center Error (Note 2) 

V + = 2.8V to 6V (Note 1) 

V + =6V to 15V (Note 1) 

• 

±0.3 ±1 

+ + 

±0.05 ±0.15 

mV 

% WIDTH/2 

• 

±1 ±3 

+ + 

±0.05 ±0.15 

mV 

% WIDTH/2 


Width Error (Note 3) 

V+= 2.8V to 6V (Note 1) 

V + =6V to 15V (Note 1) 

• 

±0.6 ±2 
+ + 

±0.1 ±0.3 

mV 

% WIDTH/2 

• 

±2 ±6 
+ + 

±0.1 ±0.3 

mV 

% WIDTH/2 

•bias 

Input Bias Current 

V + =5V,T a = 25°C, OSC = GND 

V| N , CENTER and WIDTH/2 Inputs 


±0.3 

nA 

r in 

Average Input Resistance 

f s = 1kHz (Note 4) 

• 

10 15 

m 


Input Voltage Range 


• 

GND V + 

V 

PSR 

Power Supply Range 


• 

2.8 16 

V 

!s(ON) 

Power Supply ON 

Current (Note 5) 

V + =5V 

• 

1.2 3 

mA 

•s(OFF) 

Power Supply OFF 

Current (Note 5) 

V + =5V LTC1042C 

LTC1042M 

• 

• 

0.001 0.5 

0.001 5.0 

jtiA 

nA 

Td 

Response Time (Note 6) 

V* =5V 


80 100 

A s 

Voh 

Vol 

Output Levels 

Logic 1 0utput 

Logical 0 Output 

V + = 4.75V, Iout=-360^A 

V + = 4.75 V, l 0U T = 1 -6m A 

• 

• 

2.4 4.4 

0.25 0.45 

V 

V 

R EXT 

External Timing Resistor 

Resistor Connected between V + 
and OSC Pin 

• 

100 10,000 

kG 

fs 

Sampling Frequency 

V + =5V, T a = 25°C 

R EX T = 1Mfi, C EX t = 0.1/4F 


5 

Hz 


The • denotes the specfications which apply over the full operating 
temperature range. 

Note 1: Applies over input voltage range limit and includes gain 
uncertainty. 

Note 2: Center error = [(Vu + V L )/2 - CENTER] (where Vj = upper band limit 
and Vi_= lower band limit). 

Note 3: Width error = (Vjj - V L - 2 x WIDTH/2) (where Vj = upper band limit 
and V L = lower band limit). 


Note 4: R (N is guaranteed by design and is not tested. R )N = 1/(f s x 66pF). 
Note 5: Average supply current = T D x l S(0 N) x f s + (1 - T d f s ) I S (off)- 
Note 6: Response time is set by an internal oscillator and is independent of 
overdrive voltage. T D is guaranteed by correlation test and is not directly 
measured. 
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LTC1042 


tvpicai P€Rfonmnnc€ characteristics 


Normalized Sampling Frequency 

•s(ON)VsV + vs V + , Temperature Sampling Rate vs Rext>Cext 



SUPPLY VOLTAGE, V+ (V) SUPPLY VOLTAGE, V+ (V) R EX T (B) 


Response Time vs Supply Voltage Response Time vs Temperature Rin vs Sampling Frequency 



SUPPLY VOLTAGE, V+ (V) AMBIENT TEMPERATURE, T A (°C) SAMPLING FREQUENCY, f s (Hz) 


nppucflnons iNFonmnnon 

The LTC1042 uses sampled data techniques to achieve its when (CENTER -WIDTH/2) < Vin ^ (CENTER + WIDTH/2) 
unique characteristics. It consists of two comparators, both comparator outputs are low. In this condition Vin is 

each of which has two differential inputs (Figure 1). When within the window and the WITHIN WINDOW output is 

the sum of the voltages on a comparator’s inputs is posi- high. When V|n>CENTER + WIDTH/2, Vin is above the win- 

tive, the output is high; when the sum is negative, the out- dow and the ABOVE WINDOW output is high, 

put is low. The inputs are interconnected such that 


XTUDE5B 
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Appucnnons iNFonmnTion 


An important feature of the LTC1042 is the non-interaction 
of the inputs. This means the center and width of the win- 
dow can be changed without one affecting the other. Also 
note that the width of the window is set by a ground re- 
ferred signal (WIDTH/2). 

Strobing 

An internal oscillator allows the LTC1042 to strobe itself. 
The frequency of oscillation sets the sampling rate and is 
set with an external RC network (see typical curve, OSC 
frequency vs Rext, Cext)- To assure oscillation, under all 
conditions, Rext must be between lOOkO and 10MQ. There 
is no limit to the size of Cext. 

A sampling cycle is initiated on the positive going transi- 
tion of the voltage on the OSC pin. When this voltage is 
near the positive supply, a Schmitt trigger trips and ini- 
tiates the sampling cycle. A sampling cycle consists of ap- 
plying power to both comparators, sampling the inputs, 
storing the results in CMOS output latches and turning 
power off. This whole process takes approximately 8(fys. 
During the 8(tys “active” time, the LTC1042 draws typically 
1.2mA (ls(ON)j at V + =5V. Because power is consumed 
only during the “active” time, extremely low average 
power consumption can be achieved at low sample rates. 
For example at a sample rate of 1 sample/second the aver- 
age power consumption is: 


At low sampling rates, Rext dominates the power con- 
sumption. Rext consumes power continuously. The aver- 
age voltage at the OSC pin is approximately V + /2. The 
power consumed by Rext is: 

P(Rext) = (V + /2) 2 /Rext 

EXAM PLE: Assume Rext = 1 MA and V + = 5V. Then: 

P(Rext) = (2.5) 2 /1 Mf2 = 6.25/iW 

This is more than ten times the typical power consumed 
by the LTC1042 at V + =5V and 1 sample/second. Where 
power is a premium, Rext should be made as large as 
possible. Note that the power dissipated by Rext is not a 
function of the sampling frequency or Cext- 

If high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make Rext= 100kQ 
and Cext = 0- The sampling rate, set by the LTC1042’s ac- 
tive time, will nominally be «10kHz. 

To synchronize the sampling of the LTC1042 to an external 
frequency source, the OSC pin can be driven by a CMOS 
gate. A CMOS gate is necessary because the input trip 
points of the oscillator are close to the supply rails and 
TTL does not have enough output swing. Externally driven, 
there will be a delay from the rising edge of the OSC input 
and the start of the sampling cycle of approximately 5/iS. 


Power = (V + ) (Is(AVG)) = 5V x 1 .2m A x 80^s/1 sec 
= 0.48/iW 
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LTC1042 


nppucATions iNFonmnTion 

Input Impedance 

The input impedance of the LTC1042 does not look like a 
classic linear comparator. CMOS switches and a precision 
capacitor array form the dual differential input structure. 
Input impedance characteristics can be determined from 
the equivalent circuit shown in Figure 2. The input capaci- 
tance will charge with a time constant of Rs x Cin- It is crit- 
ical, in determining errors caused by the input charging 
current, that Cin be fully charged during the “active” time. 

ForRs<10kf] 

For Rs less than or equal to lOkfl, Cin fully charges and no 
error is caused by the charging current. 

For Rs>10kfl 

For source resistances greater than lOkfl, Cin cannot fully 
charge, causing voltage errors. To minimize these errors 
an input bypass capacitor, Cs, should be used. Charge is 
shared between Cin and Cs, causing a voltage error. The 
magnitude of this error is AV=V|nxCin/(Cin+Cs). This 
error can be made arbitrarily small by increasing Cs. 

The averaging effect of the bypass capacitor Cs causes 
another error term. Each time the input switches cycle be- 
tween the plus and minus inputs, Cin is charged and dis- 
charged. The average input current due to this is 
Iavg = Vin x Cin x fs, where fs is the sampling frequency. 
Because the input current is directly proportional to the 
differential input voltage, the LTC1042 can be said to have 
an average input resistance of Rin = Vin%g = Ws x Cin). 


Since two comparator inputs are connected in parallel, Rin 
is one half this value (see typical curve of Rin vs Sampling 
Frequency). This finite input resistance causes an error 
due to voltage divider between Rs and Rin- 

The input error caused by both of these effects is 
Verror = V|n[2C|n/(2C|n + Cs) + Rs/(Rs + Rin)]- 

EXAMPLE: Assume fs = 10Hz, R S = 1M8, C S = VF and 
Vin = IV. Then Verror = 1V(66^V + 660^V)=726/iV. If the 
sampling frequency is reduced to 1Hz, the voltage error 
from input impedance effects is reduced to 136/W. 

Input Voltage Range 

The input switches of the LTC1042 are capable of 
switching either to the V + supply or ground. Conse- 
quently, the input voltage range includes both supply rails. 
This is a further benefit of the input sampling structure. 

Error Specifications 

The only measurable errors on the LTC1042 are the devia- 
tions from “ideal” of the upper and lower window limits 
[Figure 1(B)]. The critical parameters for a window com- 
parator are the width and center of the window. These er- 
rors may be expressed in terms of Vu and V|_. 

center error =[(Vu + V L )/2]- CENTER 
width error = (Vu - V L ) - 2 x (WIDTH/2) 

The specified error limits (see Electrical Characteristics) 
include error due to offset, power supply variation, gain, 
time and temperature. 



Figure 2. Equivalent Input Circuit 
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LTC1042 


APPUCATIOAS MFORfflATlOA 

Wind Powered Battery Charger 

A simple wind powered battery charger can be con- 
structed using the new LTC1042, a 12V DC permanent 
magnet motor, and low cost power FET transistor. 

The DC motor is used as a generator with the voltage out- 
put being proportional to its RPM. The LTC1042 monitors 
the voltage output and provides the following control 
functions. 

1) If generator voltage output is below 13.8V, the control 
circuit is active and the NiCad battery is charging 
through the LM334 current source. The lead acid bat- 
tery is not being charged. 


2) If the generator voltage output is between 13.8V and 
15.1V, the 12V lead acid battery is being charged at 
about a 1 amp/hour rate (limited by the power FET). 

3) If generator voltage exceeds 15.1V (a condition caused 
by excessive wind speed or 12V battery being fully 
charged) then a fixed load is connected thus limiting 
the generator RPM to prevent damage. 

This charger can be used as a remote source of power 
where wind energy is plentiful such as on sailboats or re- 
mote radio repeater sites. Unlike solar powered panels, 
this system will function in bad weather and at night. 
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LTC1042 


PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J8 Package 
8 Lead Hermetic DIP 




Tjmax 

e jA 

150°C 

100°C/W 


N8 Package 
8 Lead Plastic 


0 400 % 


(10 160) J i 

MAX 

fii rn nn nn 

) 

—f 

0.250 ±0.010 
(6.350 ±0.254) 

1 


Li lli ur 0 


0.300-0.320 


(7.620-8.128) 


0.325 1 


8 255 ^ 


0.045-0.065 


(1.143-1.651) 

0.065 
(1.651) 


0.009 - 0 015 


(0.229-0.381) 


WM1 


(1.143±0.381) 

0 . 100 ^ 0.010 


(2.540 ± 0 254) 


0.130 ±0.005 
(3.302 ±0.1 27) 


0.020 
(0 508) 
MIN 


0.018 ±0.003 


(0.457 ±0.076) 


Tjmax 

®jA 

110°C 

150°C/W 
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LT1 1 1 A/LT31 1 A 
LM111/LM311 


rri mu 

TECHNOLOGY 


FCflTURCS 

■ Guaranteed Max Input Offset Voltage I.OmV 

■ Guaranteed Max Input Offset Current 5nA 

■ Guaranteed Max Response Time 250nS 

■ Guaranteed Min. Voltage Gain 200,000 

■ ±30V Differential Input Voltage 

■ Drives 50mA Loads At Up To 50V. 

■ Vz The Power Dissipation For LT1 1 1A/LT31 1A 


Rppucmions 

■ General Purpose Comparator 

■ Zero Crossing Detector 

■ Voltage To Frequency Converter 


Voltage Comparator 


DCSCRIPTIOn 

The LT1 1 1A is an improved version of the LM1 11 gen- 
eral purpose comparator. These new devices offer 
maximum input offset voltage of I.OmV and input off- 
set current of 5.0nA with a maximum response time of 
250ns. The LT111A operates from a single 5V supply to 
±15V supplies and can drive up to 50mA loads re- 
ferred to ground or either supply. A separate output 
ground pin allows output signals to be isolated from 
analog ground. 

The versatility of the LT1 1 1A is enhanced by an input 
stage design which allows differential input signals of 
up to ± 30V. Offset balancing, strobe capability and 
the ability to “OR” the output is also included. These 
features plus Linear Technology Corporation’s ad- 
vanced processing and reliability enhancements make 
the LT1 1 1 A an ideal choice for most comparator appli- 
cations. For higher performance requirements, see the 
LT1 01 1 . For operation up to 200°C, see LT 1 1 1X data sheet. 


Low Drift R/C Oscillator 



NOTE: COMPARATOR 'CONTRIBUTES < 10ppm/°C DRIFT FOR 
FREQUENCIES BELOW 10kHz. 


Transfer Function 

50 


40 


| 30 

u 

2 20 
I— 

ra 

o 

10 


o 1 — 1 — L-L J J\ V J 1 , 1 I 

-0.5 -0.3 -0.1 0 0.1 0.3 0.5 

DIFFERENTIAL INPUT VOLTAGE (mV) 







J 



P 








c 

DLLE 

CTO 

R 








OUTPUT 








i L — iks: 
1 






V 

T 

= 

25° 







I 


r 

P 







J 


1 

E 

MIT 

PER 







v 

^OUTPUT 






\ 

Rl 

= 

300i; 






-J 

\ 




_ 



- 



_ 


rrimm 

TECHNOLOGY 


6-85 







LT1 1 1 A/LT31 1 A 
LM1 1 1/LM31 1 


absolute mnximum ratiags package/order mFORmnrion 


Supply Voltage 

(pin 8 to pin 4) 36V 

Output to Negative Supply 
(pin 7 to pin 4) 

LT111A/LM111 50V 

LT311A/LM311 40V 

Ground to Negative Supply 

(pin 1 to pin 4) 30V 

Differential Input Voltage ± 30V 

Voltage at Strobe Pin (pin 6 to pin 8) 5V 

Input Voltage (Note 1) ± 15V 

Output Short Circuit Duration 10 sec. 

Operating Temperature Range (Note 2) 

LT111A/LM111 — 55°Cto 125°C 

LT31 1A/LM31 1 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



V + 


ORDER PART 

GROUND^®** 

OUTPUT 

NUMBER 

INPUT 

&t> 

BALANCE / 

^ STROBE 

LT111AH 

INPUT 

BALANCE 

LM111H 


V' 


LT311AH 


H PACKAGE 

TO- 5 METAL CAN 

LM311H 


TOP VIEW 


LT111AJ8 

GROUND 1 C 

• ^ 

□ 8 V + 

LM111J8 

INPUT 2C 
INPUT 3d 
V" 4 C 


□ 7 OUTPUT 

□ 6 BALANCE/ STROBE 

□ 5 BALANCE 

LT311AJ8 

LM311J8 

LT311AN8 

LM311N8 

NOTE: PIN 4 CONNECTED TO CASE. 

J8 PACKAGE 8 PIN CERDIP 

N8 PACKAGE 8 PIN PLASTIC 


ELECTRICAL CHARACTERISTICS V s = ±15V, T# = 25°C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT111A 

MIN TYP MAX 

LM111 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

R s 50k 
(Note 3, 4) 

• 

U 1.0 

n 

0.7 3.0 

4.0 

mV 

'os 

Input Offset Current 

(Note 3,4) 

• 

, " ■ 2.0 5:0" 

10.0 

4.0 10.0 

20.0 

nA 

Ib 

Input Bias Current 

Note 3 

• 

60 100 

150 

60 100 

150 

nA 

Avol 

Large Signal Voltage Gain 

Note 7 


200 500 

i ':... 

40 200 

V/mV 


Response Time 

Note 5 


200 250 

200 

nS 


Saturation Voltage 

Vin ^ 5m V, Iout = 50mA 

V + 2* 4.5V, V-=0 

V 1N ^-6mV, l S iNK^8mA 

• 

0.75 1.5 

0.23 0.4 

0.75 1.5 

0.23 0.4 

V 

V 


Strobe ON Current 

Note 6 


3.0 4.0 

3.0 

mA 

1 

Output Leakage Current 

V 1N ^5mV, Vqut = 35V 
•strobe = 3mA 

• 

0.2 10.0 

0.1 0.5 

0.2 10.0 

0.1 0.5 

nA 

/mA 


Input Voltage Range 

V+ = 15V, V~= 15V 

Pin 7 Pull up may goto 5V 

• 

i 

-14.5 f 13.8 1 13.0 

1-14.7 J 

-14.5 J 13.8 1 13.0 

1-14.7 j 

V 


Positive Supply Current 



3.0 4.0 

5.1 6.0 

mA 


Negative Supply Current 



1.5 2.5 

4.1 5.0 

mA 


Shading of a specification highlights those items which offer key 
improvements in parametric performance or guaranteed test limits 
provided for the first time. 
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LT1 1 1 A/LT31 1 A 
LM111/LM311 


ELECTRICAL CHARACTERISTICS V s = ±15V, T A = 25°C unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT311A 

MIN TYP MAX 

LM311 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

R s 50k 
(Note 3, 4) 

• 

0,5 10 

10 

2.0 7.5 

10 

mV 

los 

Input Offset Current 



(Note 3,4) 

• 

2.0 10 

20 

6.0 50 

70 

nA 

Ib 

Input Bias Current 

Note 3 


50 100 
150 

100 250 

300 

nA 

Avol 

Large Signal Voltage Gain 



200 500 , 

40 200 

V/mV 


Response Time 

Note 5 


200 250 

200 

nS 


Saturation Voltage 

V, N - lOmV, l 0UT = 50mA 

V + Ss 4.5V, V- = 0 

V| N *s -lOmV, l SINK 8mA 

• 

0.75 1.5 

0.23 0.4 

0.75 1.5 

0.23 0.4 

V 

V 


Strobe ON Current 

Note 6 


3.0 4,0 

3.0 

mA 


Output Leakage Current 

V in 3s lOmV, V 0UT = 35V 

Istrobe = 3 m A 

• 

0.2 50 

0.1 0.5 

0.2 50 

nA 

/uA 


Input Voltage Range 


• 

-14.5 f 13.8 1 13.0 

1-14.7 J 

-14.5 f 13.8 \ 13.0 

1-14.7 J 

V 


Positive Supply Current 



3,0 4,0 

5.1 7.5 

mA 


Negative Supply Current 



1,5 2J 

4.1 5.0 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 


Note 1: Applicable for ± 15V supplies. The positive input voltage limit 
is 30V above the negative supply. The negative input voltage limit is 
the negative supply. 

Note 2: Tj max. = 150°C for the LT111A and 95°C for the LT311A. 

Note 3: Offset voltage, offset current and bias current specifications 
apply for any supply voltage from a single 5V up to ± 15V supplies. 


Note 4: Offset voltages and offset currents shown are the maximum 
values required to drive the output within a volt of either supply with 
a 1mA load. These parameters define an error band and take into 
account the worst case effects of voltage gain and input impedance. 

Note 5: Response time is specified for a lOOmV input step with 5mV 
overdrive with the collector output terminated with a 500fl pullup 
resistor tied to 5V. 

Note 6: Do not short the strobe pin to ground. It should be current 
driven at 3 to 5mA for the shortest strobe time. Currents as low as 
500mA will strobe the LT111A if speed is not important. External 
leakage on the strobe pin in excess of 0.2/uA when the strobe is “off” 
can cause offset voltage shifts. 

Note 7: R L =1kft, -10V <V 0UT < 14.5V 
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LT1 1 1 A/LT31 1 A 
LM111/LM311 


typical P€RFonmnnc€ charactcristics 


Input Bias Current 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Input Offset Current 



-55 -35-15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Offset Error 



Input Characteristics 



DIFFERENTIAL INPUT VOLTAGE (V) 


Common Mode Limits 



Transfer Function 



1 







= 25°C 








-0.5 -0.3 -0.1 0 0.1 0.3 0.5 

DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 
Input Overdrives 



0 0.2 0.4 0.6 0.8 

TIME US) 


Response Time for Various 
Input Overdrives 



Collector Output Saturation Voltage 



5 10 15 20 25 30 35 40 45 50 
SINK CURRENT (mA) 
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LT1 1 1 A/LT31 1 A 
LM111/LM311 


tvpicai PCRFonmnncc chrrrct€Ristics 


Response Time Using GND 
Pin as Output 



0 12 3 4 

TIME ( M S) 


Response Time Using GND 
Pin as Output 



Output Limiting Characteristics 



Supply Current 


Supply Current 


Leakage Current 


vs 


vs 


vs 


Supply Voltage 


Temperature 


Temperature 









POSI 

COLL 

TIVE SI 
ECTOR 

JPPLY 

OUTPU 

T “LO” 


T 





— - 








POSIT 

IVE AN 
ECTOR 1 

D NEGATIVE SI 
OUTPUT “HI” 



JPPLY 


" COLLI 


0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




TVPICAI RPPUCRTIOflS 

Offset Balancing Strobing 


R2 

3.0k 



Note: Pin Connections Shown 
are for T0-5 package 



Note: Do Not Ground 
Strobe Pin. 


Increasing Input 
Stage Current 



Increases typical 
common mode slew 
rate from 7.0 V//iS 
to 18 V/ m S. 
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LT1 1 1 A/LT31 1 A 
LM111/LM311 


TYPICAL APPUCATIOAS 


Driving Load Referenced 
To Positive Supply 

v + v++ 

hs. 

3 


V + + CAN BE GREATER OR LESS THAN V 4 


Driving Load Referenced 
To Negative Supply 


* NOTE THAT INPUT 
POLARITY IS REVERSED 
WHEN USING PIN 1 AS 
OUTPUT 


Driving Ground Referred Load 



8 : 

' Rload _____ 



2 

LT31 

4 ,. 

A Ny 7 

INPUTS* 

, 3 

1 T*} 1 1 A 

^7_ 

INPUTS * 

+ 3 


LlOliM 

1 

l>i 

« 1 

OR GROUND 


\ Rload 




11 NOTE THAT INPUT 
POLARITY IS REVERSED 
WHEN USING PIN 1 AS 
OUTPUT 


Window Detector 


v+ 



Using Clamp Diodes To Improve Frequency Response* 



* RESPONSE TIME 
INCREASES TO -500nS 
IF INPUT MUST SLEW 5V 
TO REACH THRESHOLD. 


Crystal Oscillator 
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Low Drift R/C Oscillator 


Strobing Off Both Input* And Output Stages 



NOTE COMPARATOR CONTRIBUTES 10ppm/°C DRIFT FOR 
FREQUENCIES BELOW 10kHz. 


FROM D/A NETWORK 



" TYPICAL INPUT CURRENT IS 50pA 
WITH INPUTS STROBED OFF. 

DO NOT GROUND STROBE PIN 


Positive Peak Detector 


+ 15V 



Negative Peak Detector 



TTL/CMOS (5 V) 
STROBE 


15V 


SOLID TANTALUM 






LT1 1 1 A/LT31 1 A 
LM1 1 1/LM31 1 


scHemmic DinGRnm 


BALANCE BALANCE STROBE 



PRCKRGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


J8 Package 
8 Lead Hermetic Dip 


N8 Package 
8 Lead Plastic 





Tjmax 


100°C 

130°C/W 


Tpax 

®ja 

©jc 


Tjmax 

% 

150°C 

150°C/W 

45°C/W 


150°C 

100°C/W 
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LT1 19A/LT319A 
LM1 19/LM319 


rrutm. 

TECHNOLOGY 


F€flTUft€S 

■ Guaranteed max 0.5 mV input offset voltage 

■ Input Protection Diodes 

■ Operates from single 5 V supply 

■ 25mA drive capability 

■ 80nS response time 


APPUCOTIOflS 

■ Window detectors 

■ High speed one shot 

■ Relay/lamp drivers 

■ Voltage controlled oscillators 


Dual Comparator 


DCSCRIPTIOn 

The LT1 19A is an improved version of the LM1 19 dual 
comparator. It features lower input offset voltage and 
offset current, higher voltage gain, guaranteed com- 
mon mode rejection, and input protection diodes. 

The LT119A is capable of operation over a supply 
range from 5 Volts to ± 15 Volts and can drive 25mA 
loads from each open collector output. A separate 
ground pin allows the LT119A to isolate system 
grounds. 

Linear Technology Corporation’s advanced process- 
ing, design techniques and reliability make the 
LT119A/LT319A an ideal choice over previous de- 
vices in most comparator applications. 


Window Detector* 


Response Time for Various 
Input Overdrives 




TIME (ns) 


* Allowed window for single +5V supply is 1.2V to 3.8V 
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LT1 19A/LT319A 
LM1 19/LM319 


absolute maximum ratiags package order mFORmmion 


Supply Voltage 36V 

Output to Negative Supply Voltage 36V 

Ground to Negative Supply Voltage 25V 

Ground to Positive Supply Voltage 18V 

Differential Input Voltage ± 5V 

Differential Input Current ±5mA 

Input Voltage (See Note 1) 

Output Short Circuit Duration 1 0 Sec 

Operating Temperature Range 

LT119A, LM119 -55°Cto 125°C 

LT319A, LM319 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature 

(Soldering, 10 sec) 300°C 


ORDER PART 
NUMBER 



LT119AH 

LM119H 

LT319AH 

LM319H 


NC 1 C 
NC 2 C 
GND 1 3 C - 
+ INPUT 1 4 C 
-INPUT 1 5 C 
V" 6 C 
OUTPUT 2 7 C 


r£ 


3 14 NC 
3 13 NC 
3 12 OUTPUT 1 
3 11 V + 

3 10 -INPUT 2 

□ 9 + INPUT 2 

□ 8 GND 2 


J PACKAGE N PACKAGE 

14-PIN HERMETIC 14 PIN PLASTIC 


LT119AJ 

LM119J 

LT319AN 

LM319N 

LT319AJ 

LM319J 


€l€CTRICRl CHRRRCT€RISTICS (See Role 2) 







LT 119A 



LM119 



SYMBOL 

PARAMETER 

CONDITIONS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

V s = ± 15V V CM = 0 



0.3 


4.0 

mV 

Vos 

Input Offset Voltage 

(See Note 3) 



M - 



0.7 

4.0 | 

t mV 




• 


1.2 





mV 

CMRR 

Common Mode Rejection Ratio 





dB 

los 

Input Offset Current 

(See Note 3) 


90 

20 



30 

75 

nA 




• 






100 

nA 

Ib 

Input Bias Current 

(See Note 3) 



150 



150 

500 

nA 




• 



1000 



1000 

nA 

A v 

Voltage Gain 



20 

40 


10 

40 


V/mV 


Response Time 

(See Note 4) 


i 80 

80 

nS 

V S AT 

Saturation Voltage 

Vin ^ - 5mV, l 0 = 25mA 

V + 2* 4.5V, V-=0V 



0.75 

1.5 


0.75 

1.5 

V 



V IN -6mV, l SINK ^ 3.2mA 

t a >o°c- 



0.23 

0.4 


0.23 

0.4 

V 



T a ^0°C 




0.6 



0.6 

V 


Output Leakage Current 

V, N 2= 5mV, V 0UT = 35V 



0.2 

2 


0.2 

2 

/jlA 



1 

• 


1 

10 


1 

10 

fi A 


Input Voltage Range 

V s = ± 15V 

•1 

-12 

±13 

+ 12 

-12 

±13 

+ 12 

V 



o 

II 

£ 

II 

+ 

> 

• 

1 


3 

1 


3 

V 


Differential Input Voltage 


• 

±5 

±5 

V 

Is 

Supply Current 

o 

II 

s“ 

H 

+ 

> 


4.3 

4.3 

mA 

Is 

Positive Supply Current 

V s = ± 15V 



8 

11.5 


8 

11.5 

mA 

Is 

Negative Supply Current 

V s = ± 15V 



3 

4.5 


3 

4.5 

mA 
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LT1 19A/LT319A 
LM1 19/LM319 


ELECTRICAL CHARACTERISTICS (See Aote 2) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT319A 

MIN TYP MAX 

LM319 

MIN TYP MAX 

UNITS 

Vos 

Input Offset Voltage 

| V s = ± 15V V CM = 0 | 


0.3 0.5 

8.0 

mV 

Vos 

Input Offset Voltage 

J3 

/A 

cn 

7T 


0.5 1 

o 

00 

o 

CM 

mV 



(See Note 3) 

• 

2 

10 

mV 

CMRR 

Common Mode Rejection Ratio 



90 106 


dB 

los 

Input Offset Current 

(See Note 3) 


30 40 

80 200 

nA 




• 

60 

300 

nA 

Ib 

Input Bias Current 

(See Note 3) 


150 500 ; 

250 1000 

nA 




• 

1000 

1200 

nA 

A v 

Voltage Gain 



20 40 

8 40 

V/mV 


Response Time 

(See Note 4) 


80 

80 

nS 

V S AT 

Saturation Voltage 

V| N *s - lOmV, l S i NK = 25mA 







T A - 25°C 


0.75 1.5 

0.75 1.5 

V 



V+5M.5V, V- = 0 







V 1N ^-10mV, l SINK ss 3.2mA 

• 

"3- 

o 

CO 

o 

0.3 0.4 

V 


Output Leakage Current 

V IN ^10mV, V 0UT = 35V 


o 

CM 

O 

o 

CM 

O 

fJL A 


Input Voltage Range 

V s = ±15V 

• 

±13 

±13 

V 



< 

+ 

II 

cn 

< 

f 

II 

o 

< 

• 

1 3 

1 3 

V 


Differential Input Voltage 


• 

±5 

±5 

V 

Is 

Supply Current 

> 

o 

II 

J» 

ii 

+ 

> 

! 

4.3 

4.3 

mA 

Is 

Positive Supply Current 

< 

ii 

i+ 

cn 

< 

1 

8 12.5 

8 12.5 

mA 

•s 

Negative Supply Current 

V s = ± 15V 


3 5 

3 5 

mA 


The • denotes the specifications which apply over the full operating 
temperature range. 


The shaded electrical specifications indicate those parameters which 
have been improved or guaranteed test limits provided for the first 
time. 

Note 1: For supply voltages less than ± 15V, the maximum input 
voltage is equal to the supply voltage. 


Note 2: Unless otherwise noted, supply voltage equals ± 15V and 
T a = 25°C. The ground pin is grounded. Note that the maximum 
voltage allowed between the ground pin and V+ is 18V. Do not tie the 
ground pin to V~ when the power supply voltage exceeds ±9V. The 
offset voltage, offset current and bias current specifications apply for 
all supply voltages between ± 15V and +5V unless otherwise 
specified. 

Note 3: The offset voltages and currents given are the maximum values 
required to drive the output within 1 volt of either supply with a 1mA 
load — thus, these parameters define an error band and take into 
account the worst case effects of voltage gain and input impedance. 
Note 4: Response time specified is for a lOOmV input step with 5mV 
overdrive. 
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LT1 19A/LT319A 
LM1 19/LM319 


TYPICAL PCRFORmnnce CHARACTERISTICS 


Transfer Function 



DIFFERENTIAL INPUT VOLTAGE (mV) 


Input Characteristics 


400 


> 300 


! 200 
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-100 




1 

Vs 

= ± 15V 

1 






~t a 


5 C 


(P 





hr 

1 
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1 





1 

1 

1 

“ -9~ 

JL 
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1 
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1 

....1 







1 ^ 
1 
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! 



ii 

1 



i 

+ i. 




ffl 

1 MAX 

MUM OlFFEf 

EN- , 



LL 

i_] l_Z_' L 


-10 - 6.0 -2 0 2 0 6 0 10 
DIFFERENTIAL INPUT VOLTAGE (V) 


Input Currents 


v 




V 

r~ 

s = 

r~ 

±15 

V 














- 












— ■■ 


0 

Jl 
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L. LT 
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-55 -35-15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


Response Time for Various 
Input Overdrives 



0 50 100 150 200 250 300 350 

TIME (ns) 


Response Time for Various 
Input Overdrives 


Response Time for Various 
Input Overdrives 


6.0 

5.0 

,_> 40 

3.0 

°o 2.0 

1.0 
0 

§100 

go 50 

^ A 



TIME (ns) TIME (ns) 


Output Saturation Voltage 



0 0.2 0.4 0.6 0 8 1.0 

OUTPUT VOLTAGE (V) 


Supply Current 



Output Limiting 
Characteristics 
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POWER DISSIPATION (W) 












LT1 19A/LT319A 
LM1 19/LM319 


typical pcrforriaacc charactcristics 


Common Mode Limits 



-55-35-15 5.0 25 45 65 85 105 125 


TEMPERATURE (°C) 


Supply Current 



-55-35-15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


TYPICAL APPLICATORS 

Relay Driver 


High Noise Immunity 60Hz 
Sync Circuit 


+ 5.0V 28V +5V 
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LT1 19A/LT319A 
LM1 19/LM319 


TYPICAL APPLICATION 


Voltage Controlled High Speed One Shot 



10 Bit Serial Output A/0 Converter 


+ 5 



* i % film — 5V CONVERT COMMANO +5V 

t POLYSTYRENE, MOUNT INPUT (TTL) 

CAPS CLOSE TOGETHER 


5 Microsecond Sample and Hold with Zero Hold Step 



■VquT 
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LT1 19A/LT319A 
LM1 19/LM319 
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li i iyA/Lia iyA 

LMl 19/LM319 


PACKRGC DCSCRIPTIOn 


10 Lead TO-S Metal Can (H) 


14-Lead Cavity DIP (J) 





Tj MAX 

©JA 

LT119AJ 

150°C 

100°C/W 

LM119J 

150°C 

100°C/W 

LT319AJ 

85°C 

100°C/W 

LM319J 

85° C 

100°C/W 


14-Lead Molded DIP (N) 




Tj MAX 

©JA 

LT319AN 

LM319N 

85°C 

100°C/W 


6-100 


u\m 









SCCTIOn 7— FILTCRS 
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INDEX 


SECTION 7— FILTERS 

INDEX 7-2 

PROPRIETARY PRODUCTS 

L TC 1 059, High Performance Switched Capacitor Universal Filter 7-3 

L TC 1 059CS, High Performance Switched Capacitor Universal Filter 7-11 

LTC1060, Universal Dual Filter Building Block 7-15 

LTC1060CS, Universal Dual Filter Building Block 7-35 

LTC1061, High Performance Triple Universal Filter Building Block . 7-39 

LTC1061CS, High Performance Triple Universal Filter Building Block 7-55 

L TCI 062, 5th Order Low Pass Filter 7-59 

LTC1062CS, 5th Order Low Pass Filter 7-71 

L TC 1 064, Low Noise, Fast, Quad Universal Filter Building Block 7-73 

L TC 1 064- 1 , Low Noise, 8th Order, Clock Sweepable Elliptic Lowpass Filter 7-89 

L TCI 064-2, Low Noise, High Frequency 8th Order Butterworth Lowpass Filter 13-15 

LTC1064-3, LowNoise, High Frequency 8th Order Linear Phase Lowpass Filter 13-19 

L TCI 064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter 1 3-20 
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LTC1059 


/rum 

TECHNOLOGY High Performance 

Switched Capacitor Universal Filter 


F€ATUA€S 

■ All Filter Parameters Guaranteed over Temperature 

■ Wide Center Frequency Range (0.1 Hz to 40kHz) 

■ Low Noise Wide Dynamic Range 

■ Guaranteed Operation for ± 2.37V and ±5V Supply 

■ Low Power Consumption 

■ Guaranteed Clock to Center Frequency Accuracy of 

0.3% (LTC1059A) 

■ Guaranteed Low Offset Voltages over Temperature 

■ Very Low Center Frequency and QTempco 

■ Clock Input T 2 L or CMOS Compatible 

■ Separate Highpass (or Notch or Allpass), Bandpass, 

Lowpass Outputs 


APPUCATIOAS 

■ Sinewave Oscillators 

■ Sweepable Bandpass/Notch Filters 

■ Full Audio Frequency Filters 

■ Tracking Filters 


DCSCRIPTIOn 

The LTC1059 consists of a general purpose, high perfor- 
mance, active filter building block and an uncommitted op 
amp. The filter building block together with an external 
clock and 2 to 5 resistors can produce various second or- 
der functions which are available at its three output pins. 
Two out of three always provide lowpass and bandpass 
functions while the third output pin can produce notch or 
highpass or allpass. The center frequency of these func- 
tions can be tuned from 0.1Hz to 40kHz and it is dependent 
on an external clock or an external clock and a resistor ra- 
tio. The filter can handle input frequencies up to 100kHz. 
The uncommitted op amp can be used to obtain additional 
allpass and notch functions, for gain adjustment or for 
cascading techniques. 

Higher than second order filter functions can be obtained 
by cascading the LTC1059 with the LTC1060 dual univer- 
sal filter or LTC1061 triple universal filter. Any classical fil- 
ter realization (such as Butterworth, Cauer, Bessel and 
Chebyshev) can be formed. 

The LTC1059 can be operated with single or dual supplies 
ranging from ± 2.37V to ±8 V (or 4.74V to 16V single sup- 
ply) and is pinout compatible with MF5. 

The LTC1059 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS™ silicon gate process. 

LTCMOS™is a trademark of LinearTechnology Corp. 


typical appikatioa 

Wide Range 2nd Order Bandpass/Notch Filter with Q = 10 




0 I I I I I I I I 

0 5 10 15 20 25 30 35 40 45 

IDEAL CENTER FREQUENCY (kHz) 
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LTC1059 


absolute mnximum ratiags packagc/ordcr mFORmnnon 


Supply Voltage 18V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1059AC, LTC1059C -40°C<T A <85°C 

LTC1059AM, LTC1059M -55°C<T A <125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, lOsec) 300°C 



ELECTRICAL CHARACTERISTICS 

(Complete Filter) Vs = ± 5V, T A = 25°C, T 2 L clock input level unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Center Frequency Range, f 0 

f o xQ<400kHz, Model 


0.1 -40k 


Hz 


f 0 xQ<1.6MHz, Model 


0.1-18k 


Hz 


f o xQ<250kHz, Mode 3, V s = ±7.5V 


0.1 -20k 


Hz 


f 0 xQ<1MHz, Mode 3, V s = ±7.5V 


0.1-16k 


Hz 

Input Frequency Range 


0-200k 

Hz 

Clock to Center Frequency Ratio 






LTC1059A 

Model, 50:1, f C LK=250kHz,Q = 10 

• 


50 ±0.3% 


LTC1059 

Mode 1, 50:1, f CLK = 250kHz, Q = 10 

• 


50 ±0.8% 


LTC1059A 

Model, 100:1, f CLK = 500kHz, Q = 10 

• 


100 ±0.3% 


LTC1059 

Model, 100:1, f CL K=500kHz,Q = 10 

• 


100 ±0.8% 


Q Accuracy 






LTC1059A 

Mode 1,50:1 or 100:1, f 0 = 5kHz 

• 

±0.5 

3 

% 

LTC1059 

Q = 10 

• 

±0.5 

5 

% 

f 0 Temperature Coefficient 

Mode 1 , fcLK < 500kHz 


5 


ppm/°C 

Q Temperature Coefficient 

Mode 1 , f C LK < 500kHz, Q = 1 0 


15 


ppm/°C 

DC Offset Vqsi 


• 

2 

15 

mV 

V 0S2 

f C LK = 250kHz, 50:1, S A/B High 

• 

3 

30 

mV 

V 0$2 

f C LK = 500kHz, 100:1, S A/B High 

• 

6 

60 

mV 

V 0S2 

^lk = 250kHz, 50: 1 , S A/B Low 

• 

2 

20 

mV 

V 0$2 

fcLK = 500kHz, 100:1, S A/B Low 

• 

4 

40 

mV 

V 0$3 

f CLK = 250kHz, 50:1 

• 

2 

20 

mV 

V 0S3 

f CL K = 500kHz, 100:1 

• 

4 

40 

mV 

DC Low Pass Gain Accuracy 

Model, R1 = R2 = 50kfl 

• 

±0.1 

2 

% 

BP Gain Accuracy at f 0 

Model, Q = 10,f o = 5kHz 


±0.1 


% 

Clock Feedthrough 

fcLK^IMHz 


10 


mV 

Max. Clock Frequency 

Mode1,Q<5, V$> ±5V 


2 


MHz 

Power Supply Current 



3.5 

5.5 

mA 



• 


7 

mA 
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LTC1059 


ELECTRICAL CHARACTERISTICS (Complete Filter) Vs = ± 2.37V, T*= 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Center Frequency Range 

f 0 x Q < 1 20kHz, Mode 1 , 50:1 


0.1 -12k 

Hz 


f 0 xQ< 120kHz, Mode 3, 50:1 


0.1-10k 

Hz 

Input Frequency Range 



60k 

Hz 

Clock to Center Frequency Ratio 





LTC1059A 

Mode 1, 50:1, fcLK = 250kHz, Q = 10 

• 

50 ±0.5% 


LTC1059 

Mode 1, 50:1, f CL K = 250kHz, Q = 10 


50 ±0.8% 


LTC1059A 

Model, 100:1, fcLK=250kHz,Q = 10 

• 

100 ±0.5% 


LTC1059 

Model, 100:1, f CLK = 250kHz, Q = 10 


100 ±0.8% 


Q Accuracy 





LTC1059A 

Model, f C LK = 250kHz,Q = 10 


±1 

% 

LTC1059 

50:1 and 100:1 


±2 

% 

Max. Clock Frequency 



700k 

Hz 

Power Supply Current 



1.5 2.5 

mA 


€L€CTRICRL CHARACTERISTICS (Internal Op Amps) Ta = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Supply Voltage Range 



±2.375 ±8 

V 

Voltage Swings 





LTC1059A 

V S =±5V,R|= 5k (Pins 1,14) 


±4 ±4.2 

V 

LTC1059 

R L = 3.5k (Pins 2, 13) 


±3.8 ±4.2 

V 

LTC1059, LTC1059A 


• 

±3.6 

V 

Input Offset Voltage 


• 

1 15 

mV 

Input Bias Current 



3 

pA 

Output Short Circuit Current 

V s =±5 V 


40/3 

mA 

Source/Sink 





DC Open Loop Gain 

V S =±5V 


80 

dB 

GBW 

V s = ±5V 


2 

MHz 

Slew Rate 

V S =±5V 


7 

V//tS 


The • denotes the specifications which apply over the full operating 
temperature range. 


urns, 
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LTC1059 


BLOCK DIRGRRIR 



typical PCRFonmnncc chrrrctcristics 


Graph 1. Model : 
(f CLK /f 0 ) Deviation vs Q 



0.1 1 10 100 
IDEAL Q 


Graph 2. Model: 
(f CLK /f 0 ) Deviation vs Q 



0.1 1 10 100 
IDEAL Q 


Graph 3. Mode 1: Q Error vs Clock 
Frequency 



0.2 0.4 0.6 0.8 1 0 1.2 1.4 1.6 1.8 2.0 
CLOCK FREQUENCY (MHz) 
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LTC1059 
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JHANCEMENT (%) DEVIATION FROM 50:1 (%) 


LTC1059 


TYPICAL PCRFORfllARCC CHRRRCTCRISTICS 


Graph 13. Mode 1: (f CLK /f 0 ) vs f CLK 
and Temperature 


Graph 14. Mode 1: Notch Depth vs 
Clock Frequency 


V S =±2.5V 
Q = 10 

0.8 jCLK = 50:l _ 
fo 

0.6 
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/100 
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— 1 
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Graph 16. Mode 3: Q Error vs Clock 
Frequency 

j ! , , 1 

V s = ±2.5V V S =±5V 

) I — Q = 10i Q = 10 

.1. /|50| / 1/5 



— 


2 

_| 

Vs’ 

-J 

= ±2. 
LJ 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 U 

1-Clk (MHz) 

Graph 17. Mode 3 (R2 = R4): Q 
Error vs Clock Frequency 

Ta=25°C \Z s =±7 } .5V 

I I ™ 6 = 10 
1 HH 7F77i 


-T a =2S“C * 10 
f CLK = inn-i !S 


V s = ±7.5V 
I o=in 




Graph 15. Mode 3: Deviation of 
(f r , JfJ with Respect to Q = 10 
Measurement 
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= 200 : 1 ' 
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Graph 18. Mode 3 (R2 = R4): 
Measured Q vs f CLK and 
Temperature 

— I — | — i — i — — — [ 

I I 125°C | 

20 ^ = 100:1 i// 85°C-^ j 


20 — 125°Cy-^-85°C- 

o- \J/~X 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
CLOCK FREQUENCY (MHz) 



Graph 19. Mode 3 (R2 = R4): 

W f o) VS, CLK and Q 


°' 6 )Jcu(=100:f 



Graph 20. Mode 3 (R2 = R4): 
^CLK^U vs ^CLK and Q 


z 0=50 

p „ = 5 = 

^ o Q=20 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

Iclk(MHz) 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4- 1.6 

fCLK(MHz) 


Graph 21. Mode 3 (R2 = R4): 
^clk^o) vs *clk ancJ T^mperati ure 


0-8 h j^LK =10 o:i _ 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.6 
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LTC1059 



Appucnnons inFOftmnnon 

The LTC1059 is compatible with the LTC1060. All the 
LTC1059 pins are functionally equivalent to the LTC1060 
pins bearing the same title. For a detailed pin description 
and definition of various modes of operation refer to the 
LTC1060 data sheet. The LTC1059 is typically “faster” 
than the LTC1060 especially under single 5V (or ±2.5V) 


supply operation. This becomes apparent through the typ- 
ical performance characteristics of the part. All the graphs 
shown in this data sheet have been drawn under the same 
test conditions as in the LTC1060 data sheet; they are also 
numbered in the same order. For a complete discussion of 
the filter characteristics see the LTC1060 data sheet. 
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LTC1059 


PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

14-Lead Ceramic DIP 



N Package 
14-Lead Plastic DIP 


r~ 

0 250 ±0 010 
(6 350 ± 0 . 254 ) 

L_ 
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LTC1059CS 


/Tiine/\B 

TECHNOLOGY High Performance 

Switched Capacitor Universal Filter 


F€ATUR€S 

■ All Filter Parameters Guaranteed over Temperature 

■ Wide Center Frequency Range (0.1 Hz to 40kHz) 

■ Low Noise Wide Dynamic Range 

■ Operates from ± 2.5V Supply up to +8V 

■ Low Power Consumption 

■ Guaranteed Clock to Center Frequency Accuracy 

of 0.8% or Better 

■ Guaranteed Low Offset Voltages over Temperature 

■ Very Low Center Frequency and Q Tempco 

■ Clock Input T 2 L or CMOS Compatible 

■ Separate Highpass (or Notch or Allpass), Bandpass, 

Lowpass Outputs 


APPLICATIOAS 

■ Sinewave Oscillators 

■ Sweepable Bandpass/Notch Filters 

■ Full Audio Frequency Filters 

■ Tracking Filters 


D€SCRIPTIOn 

The LTC1059 consists of a general purpose, high perfor- 
mance, active filter building block and an uncommitted op 
amp. The filter building block together with an external 
clock and 2 to 5 resistors can produce various second or- 
der functions which are available at its three output pins. 
Two out of three always provide lowpass and bandpass 
functions while the third output pin can produce notch or 
highpass or allpass. The center frequency of these func- 
tions can be tuned from 0.1 Hz to 40kHz and it is dependent 
on an external clock or an external clock and a resistor ra- 
tio. The filter can handle input frequencies up to 100kHz. 
The uncommitted op amp can be used to obtain additional 
allpass and notch functions, for gain adjustment or for 
cascading techniques. 

Higher than second order filter functions can be obtained 
by cascading the LTC1059 with the LTC1060 dual univer- 
sal filter or LTC1061 triple universal filter. Any classical fil- 
ter realization (such as Butterworth, Cauer, Bessel and 
Chebyshev) can be formed. 

The LTC1059 can be operated with single or dual supplies 
ranging from ± 2.37V to ±8V (or 4.74V to 16V single 
supply). 

The LTC1059 is manufactured by using Linear Technol- 
ogy's enhanced LTCMOS™ silicon gate process. 

LTCMOS™ is a trademark of LinearTechnology Corp. 


TYPICAL APPUCATIOA 

Wide Range 2nd Order Bandpass/Notch Filter with Q = 10 


50k 
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V|N 

DC-200kHz 
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7 15k 

4 — vw- 


ts 


£l 


► NOTCH OUT 
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IDEAL CENTER FREQUENCY (kHz) 
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LTC1059CS 


absolute maximum rrtmgs 


Supply Voltage 18V 

Operating Temperature Range -40 °C<Ta<85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, lOsec) 300°C 


PACKAG€/ORD€R IRFORmATIOR 




TOP VIEW 


ORDER PART NUMBER 

BP [7 



14 1 LP 

LTC1059S 

N/AP/HP [7 



m v 02 


IHViE 



H inv 2 


si [7 


LTC1059 

]3 AGND 


s a E 



33 v- 

PART MARKING 

v+[7 

i§ 


J] 50/100/H0LD 


LSh [7 



TJclk 

LTC1059S 


SI 4 PACKAGE 




PLASTIC SO 




ELECTRICAL CHARACTERISTICS 

(Complete Filtei) Vs = ± 5V, Ta = 25°C, T 2 L clock input level unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Center Frequency Range, f 0 

f o xQ<400kHz, Model 


0.1 -40k 


Hz 


f 0 xQ<1.6MHz, Model 


0.1-18k 


Hz 


f o X Q < 250kHz, Mode 3, V s = ± 7.5V 


0.1 -20k 


Hz 


f 0 xQ<1MHz, Mode 3, V s = ±7.5V 


0.1-16k 


Hz 

Input Frequency Range 



0-200k 

Hz 

Clock to Center Frequency Ratio 

Model, 50:1, f CLK = 250kHz, Q= 10 

• 


50 ±0.8% 


(Note 1) 

Model, 100:1, f CL K= 500kHz, Q = 10 

• 


100 ±0.8% 


Q Accuracy (Note 1) 

Mode 1,50:1 or 100:1, f 0 = 5kHz 

Q = 10 

• 

±0.5 

5 

% 

f 0 Temperature Coefficient 

Mode1,fcLK<5°0 kHz 


5 


ppm/°C 

Q Temperature Coefficient 

Mode 1, f CL K < 500kHz, Q= 10 


15 


ppm/°C 

DC Offset Vqsi (Note 2) 


• 

2 

15 

mV 

V 0 S2 

f C LK = 250kHz, 50:1, Sa/b High 

• 

3 

40 

mV 

V 0 S2 

fcLK=500kHz, 100:1, Sa/b High 

• 

6 

80 

mV 

VoS 2 

fcLK= 250kHz, 50:1, Sa/b Low 

• 

2 

30 

mV 

V 0S2 

fcLK= 500kHz, 100:1, Sa/b Low 

• 

4 

60 

mV 

V 0S3 

f CL K= 250kHz, 50:1 


2 

30 

mV 

V 0S3 

f CL K= 500kHz, 100:1 


4 

60 

mV 

DC Low Pass Gain Accuracy 

Model, R1 = R2 = 50kQ 

• 

±0.1 

2 

% 

BP Gain Accuracy at f 0 

Mode 1, Q = 10, f 0 = 5kHz 


±0.1 


% 

Clock Feedthrough 

fc L K^1MHz 


10 


mV 

Max. Clock Frequency 

Mode1,Q<5, V s > ±5V 


2 


MHz 

Power Supply Current 



3.5 

5.5 

mA 



• 


7 

mA 


Note 1: An LTC1059S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 

Note 2: For definition of the DC offset voltages, refer to the LTC1 059 data 
sheet. An LTC1059S with improved DC offset specifications can be made 
available upon special request. 
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LTC1059CS 


€l€CTRICRl CHARACTERISTICS (Complete Filter) Vs = ± 2.37V, Ta = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Center Frequency Range 

f 0 x Q< 120kHz, Mode 1,50:1 

0.1-12k 


Hz 


f 0 x Q< 120kHz, Mode 3, 50:1 

0.1-10k 


Hz 

Input Frequency Range 


| 60k | 

Hz 

Clock to Center Frequency Ratio 

Model, 50:1 , f CL K = 250kHz, Q = 10 

50 ±0.8% 




Model, 100:1, f CLK = 250kHz, Q= 10 

100 ±0.8% 



Q Accuracy 

Model, f CLK = 250kHz, Q = 10 

50:1 and 100:1 

±2 

% 

Max. Clock Frequency 


700k 


Hz 

Power Supply Current 


1.5 

2.5 

mA 


ELECTRICAL CHARACTERISTICS (Internal Op Amps) Ta = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Supply Voltage Range 



±2.375 ±8 

V 

Voltage Swings 

V S =±5V, R l = 5k (Pins 1,14) 


Csl 

+1 

oo 

co 

+1 

V 


R l = 3.5k (Pins 2, 13) 

• 

±3.6 

V 

Input Offset Voltage 


• 

1 15 

mV 

Input Bias Current 



3 

pA 

Output Short Circuit Current 

V S =±5V 


25/3 

mA 

Source/Sink 





DC Open Loop Gain 

V S =±5V 


80 

dB 

GBW 

V S =±5V 


2 

MHz 

Slew Rate 

V S =±5V 


7 

Vln s 


The • denotes the specifications which apply over the full operating 
temperature range. 
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F€ATUR€S 

■ Guaranteed Filter Specification for ± 2.37V and 
±5V Supply 

■ Operates up to 30kHz 

■ Low Power and 88dB Dynamic Range at ± 2.5V Supply 

■ Center Frequency Q Product up to 1.6MHz 

■ Guaranteed Offset Voltages 

■ Guaranteed Clock to Center Frequency Accuracy over 
Temperature 

0.3% for LTC1060A 
0.8% for LTC1060 

■ Guaranteed Q Accuracy over Temperature 

■ Low Temperature Coefficient of Q and Center 
Frequency 

■ Low Crosstalk, 70dB 

■ Clock Inputs TTL and CMOS Compatible 

APPUCATIOnS 

■ Single 5 V Supply Medium Frequency Filters 

■ Very High Q and High Dynamic Range Bandpass, 
Notch Filters 

■ Tracking Filters 

■ Telecom Filters 


Universal Dual Filter 
Building Block 

DCSCBIPTIOn 

The LTC1060 consists of two high performance, switched 
capacitor filters. Each filter, together with 2 to 5 resistors, 
can produce various 2nd order filter functions such as low- 
pass, bandpass, highpass notch and allpass. The center 
frequency of these functions can be tuned by an external 
clock, or by an external clock and resistor ratio. Up to 4th 
order full biquadratic functions can be achieved by cas- 
cading the two filter blocks. Any of the classical filter con- 
figurations (like Butterworth, Chebyshev, Bessel, Cauer) 
can be formed. 

The LTC1060 operates with either a single or dual supply 
from ± 2.37V to ±8 V. When used with low supply (i.e. 
single 5 V supply), the filter typically consumes 12mW and 
can operate with center frequencies up to 10kHz. With 
±5V supply, the frequency range extends to 30kHz and 
very high Q values can also be obtained. 

The LTC1060 is manufactured by using Linear Tech- 
nology’s enhanced LTCMOS™ silicon gate process. Be- 
cause of this, low offsets, high dynamic range, high center 
frequency Q product and excellent temperature stability 
are obtained. 

The LTC1060 is pinout compatible with MF10. 

LTCMOS™ is a trademark of Linear Technology Corp. 


Single 5V, Gain of 1000 4th Order Bandpass Filter 
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absolute mnximum ratiags 


Supply Voltage 18V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1060AC, LTC1060C -40°C<T A <85°C 

LTC1060AM, LTC1060M -55°C<T A <125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, lOsec.) 300°C 


PACKAGE/ORDER lAFORAlATIOn 



TOP VIEW 



lpa[T 

• 

20]lPb 

ORDER PART 

BPaE 


U BP B 

NUMBER 

N/AP/HPa [7 


T8j N/AP/HPb 


inv a [T 


j7| inv b 


si a [7 


]U si B 


Sa/bIT 

LTC1060 

J5| AGND 

LTC1060ACJ 

v a + E 


sk- 

LTC1060MJ 

v d +|T 


m v D - 

LTC1060ACN 

LSh[T 


T 2 ] 50/100/HOLD 

LTC1060AMJ 

CLK A (To 


m clk b 

LTC1060CN 




LTC1060CJ 

J PACKAGE N PACKAGE 


CERDIP MOLDED DIP 



€L€CTRICAL CHARACTERISTICS (Complete Filter) V$ = ± 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Center Frequency Range 

f o xQ<400kHz, Model, Figure 4 


0.1-20K 

Hz 

(see Applications Information) 

f 0 x Q < 1 .6MHz, Mode 1 , Figure 4 


0.1-16K 

Hz 

Clock to Center Frequency Ratio 





LTC1060A 

Model, 50:1, f CLK = 250kHz, Q = 10 

• 

50 ±0.3% 


LTC1060 

Model, 50:1, f CLK = 250kHz, Q = 10 

• 

50 ±0.8% 


LTC1060A 

Mode 1 , 100:1 , f CL K = 500kHz, Q = 10 

• 

100 ±0.3% 


LTC1060 

Model, 100:1, f CL K=500kHz,Q = 10 

• 

100 ±0.8% 


Q accuracy 





LTC1060A 

Model, 50:1 or 100:1, f 0 = 5kHz 

• 

±0.5 3 

% 

LTC1060 

Q = 10 

• 

±0.5 5 

% 

f 0 Temperature Coefficient 

Mode 1,f CLK < 500kHz 


-10 

ppm/°C 

Q Temperature Coefficient 

Mode 1 , f CLK < 500kHz, Q = 1 0 


+ 20 

ppm/°C 

DC Offset Vqsi 


• 

2 15 

mV 

V 0S2 

f C LK = 250kHz, 50:1 , High 

• 

3 30 

mV 

V 0S2 

f CLK = 500kHz, 100:1, S m High 

• 

6 60 

mV 

V OS2 

f C LK = 250kHz, 50:1 , S MB Low 

• 

2 20 

mV 

V OS2 

f CL K= 500kHz, 100:1, Smj Low 

• 

4 40 

mV 

V OS3 

f CLK = 250kHz, 50:1 , Sa/b Low 

• 

2 20 

mV 

V OS3 

f clk = 500kHz, 1 00: 1 , Low 

• 

4 40 

mV 

DC Low Pass Gain Accuracy 

Mode 1,R1 = R2 = 50k 


±0.1 2 

% 

BP Gain Accuracy at f 0 

Model, Q = 10,f o = 5kHz 


±0.1 

% 

Clock Feedthrough 

fcLK — 1 MHz 

i 

10 

mV(p-p) 

Max. Clock Frequency 



1.5 

MHz 

Power Supply Current 



3 5 8 

mA 



• 

12 

mA 

Crosstalk 



70 

dB 
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ELECTRICAL CHARACTERISTICS (Complete Filter) V s = ± 2.37 V, T A = 25°C 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Center Frequency Range 

f 0 xQ< 100kHz 

i 

! 

0.1-10k 

' 

Hz 

Clock to Center Frequency Ratio 


! 



LTC1060A 

Mode 1, 50:1, f C LK = 250kHz, Q= 10 

• 

50 ±0.5% 


LTC1060 

Mode 1, 50:1, f C LK = 250kHz, Q = 10 


50 ±0.8% 


LTC1060A 

Mode 1, 100:1, f CL K = 250kHz, Q = 10 

• 

100 ±0.5% 


LTC1060 

Mode 1, 100:1, f CLK = 250kHz, Q = 10 


100 ±0.8% 


Q Accuracy 





LTC1060A 

Mode 1, f 0 = 2.5kHz, Q = 10 


±2 

% 

LTC1060 



±4 

% 

Max Clock Frequency 



500 

kHz 

Power Supply Current 



2.5 4 

mA 


ELECTRICAL CHARACTERISTICS (Internal Op Amps) Ta = 25°C 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Supply Voltage Range 



±2.37 ±8 

V 

Voltage Swings 





LTC1060A 



±4 ±4 

V 

LTC1060 

V s = ±5V, R L = 5k (Pins 1,2, 19,20) 


±3.8 ±4 

V 

LTC1060, LTC1060A 

R L = 3.5k (Pins 3, 18) 

• 

±3.6 ±4 

V 

Output Short Circuit Current 

V s = ±5V 




Source 



25 

mA 

Sink 



3 

mA 

Op AmpGBW Product 

V s = ±5V 


2 

MHz 

Op Amp Slew Rate 

V s =±5 V 


7 

V//i s 

Op Amp DC Open Loop Gain 

R l = 10k, V s = ±5V 


85 

dB 


The • denotes the specifications which apply over the full operating 
temperature range. 


BLOCK DIAGRAm 


V D + V A + N/AP/HP a S1 a bp a lp a 



XTIB5I 


7-17 








LTC1060 



7-18 


rruncAB 

TECHNOLOGY 








LTC1060 



umm 


7-19 






LTC1060 



7-20 


XTUEi 










LTC1060 


pm DescMPTion nnD ppp ucnnons mFORmnnon 


Power Supplies 

The and (pins 7 and 8) and the V^, V^fpins 1 4 and 1 3) 
are, respectively, the analog and digital positive and nega- 
tive supply pins. For most cases, pins 7 and 8 should be 
tied together and bypassed by a 0.1/iF disc ceramic 
capacitor. The same holds for pins 14 and 13. If the 
LTC1060 operates in high digital noise environment, the 
supply pins can be bypassed separately. Pins 7 and 8 are 
internally connected through the 1C substrate and should 
be biased from the same DC source. Pins 1 4 and 1 3 should 
also be biased from the same DC source. 

The LTC1060 is designed to operate with ± 2.5V supply (or 
single 5V) and with +5 V to ±8 V supplies. The minimum 
supply, where the filter operates reliably, is ±2.37 V. With 
low supply operation, the maximum input clock frequency 
is about 500kHz. Beyond this, the device exhibits exces- 
sive Q enhancement and center frequency errors. 

Clock Input Pins and Level Shift 

The level shift (LSh) pin 9 is used to accommodate T 2 L or 
CMOS clock levels. With dual supplies equal or higher to 
± 4.5V, pin 9 should be connected to ground (same poten- 
tial as the AGND pin). Under these conditions the clock 
levels can be T 2 L or CMOS. With single supply operation, 
the negative supply pins and the LSh pin should be tied to 
the system ground. The AGND, pin 15, should be biased at 
1/2 supplies, as shown in the “Single 5V Gain of 1000 4th 
Order Bandpass Filter” circuit. Again, under these condi- 
tions, the clock levels can be T 2 L or CMOS. The input 
clock pins (10, 11) share the same level shift pin. The clock 
logic threshold level over temperature is typically 
1.5V ± 0.1V above the LSh pin potential. The duty cycle of 
the input clock should be close to 50%. For clock frequen- 
cies below 1MHz, the (fcLK/fo) ratio is independent from 
the clock input levels and from its rise and fall times. Fast 
rising clock edges, however, improve the filter DC offsets. 
For clock frequencies above 1MHz, T 2 L level clocks are 
recommended. 

50/100/Hold (Pin 12) 

By tying pin 12 to (V/, Vf), the filter operates in the 50:1 
mode. With ± 5V supplies pin 12 can be typically IV below 
the positive supply without affecting the 50:1 operation of 


the device. By tying pin 12 to 1/2 supplies (which should be 
the AGND potential), the LTC1060 operates in the 100:1 
mode. The 1/2 supply bias of pin 12 can vary around the 1/2 
supply potential without affecting the 100:1 filter opera- 
tion. This is shown in Table 1. 

When pin 12 is shorted to the negative supply pin, the filter 
operation is stopped and the bandpass and lowpass out- 
puts act as a S/H circuit holding the last sample. The hold 
step is 20mV and the droop rate is 150/iV/second! 

Table 1 


Total Power Supply 

Voltage Range of Pin 12 
for 100:1 Operation 

+ 5V 

2.5V ± 0.5V 

+ 10V 

+ 5V±1V 

+ 15V 

+ 7.5V ± 1.5V 


SI a, SI b (Pins 5 and 16) 

These are voltage signal input pins and, if used, they 
should be driven with a source impedance below 5kfl. The 
SIa, SIb pins can be used to alter the CLK to center fre- 
quency ratio (fcu/fo) of the filter (see Modes 1b, 1c, 2a, 2b) 
or to feedforward the input signal for allpass filter con- 
figurations (see Modes 4 and 5). When these pins are not 
used, they should be tied to the AGND pin. 

Sa/B (Pin 6) 

When Sa/b is high, the S2 input of the filter’s voltage sum- 
mer (see Block Diagram) is tied to the lowpass output. This 
frees the SI pin to realize various modes of operation for 
improved applications flexibility. When the Sa/b pin is con- 
nected to the negative supply, the S2 input switches to 
ground and internally becomes inactive. This improves the 
filter noise performance and typically lowers the value of 
the offset Vos 2 - 

AGND (Pin 15) 

This should be connected to the system ground for dual 
supply operation. When the LTC1060 operates with a 
single positive supply, the analog ground pin should be 
tied to 1/2 supply and bypassed with a O.tyF capacitor, as 
shown in the application, “Single 5V, Gain of 1000 4th Or- 
der Bandpass Filter”. The positive inputs of all the internal 
op amps, as well as the reference point of all the internal 
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switches are connected to the AGND pin. Because of this, 
a “clean” ground is recommended. 

fdK/fo Ratio 

The (fcLK/fo) reference of 100:1 or 50:1 is derived from the 
filter center frequency measured in mode 1, with a Q= 10 
and Vs= ±5V. The clock frequencies are, respectively, 
500kHz/250kHz for the 100:1/50:1 measurement. All the 
curves shown in the Typical Performance Characteristics 
section are normalized to the above references. 

Graphs 1 and 2 in the Typical Performance Characteristics 
show the (fcLK/fo) variation versus values of ideal Q. The 
LTC1060 is a sampled data filter and it only approximates 
continuous time filters. In this data sheet, the LTC1060 is 
treated in the frequency domain because this approxima- 
tion is good enough for most filter applications. The 
LTC1060 deviates from its ideal continuous filter model 
when the (fcLK/fo) ratio decreases and when the Q’s are 
low. Since low Q filters are not selective, the frequency 
domain approximation is well justified. In graph 15 the 
LTC1060 is connected in mode 3 and its (fcLK/fo) ratio is 
adjusted to 200:1 and 500:1. Under these conditions, the 
filter is over-sampled and the (fcLk/fo) curves are nearly in- 
dependent of the Q values. In mode 3, the (fcLk/fo) ratio 
typically deviates from the tested one in mode 1 
by ±0.1%. 

f 0 x Q Product Ratio 

This is a figure of merit of general purpose active filter 
building blocks. The f 0 xQ product of the LTC1060 
depends on the clock frequency, the power supply volt- 
ages, the junction temperature and the mode of operation. 

At 25°C ambient temperature for ±5 V supplies, and for 
clock frequencies below 1MHz, in mode 1 and its deriva- 
tives, the f 0 x Q product is mainly limited by the desired f 0 
and Q accuracy. For instance, from graph 4 at 50:1 and for 
fdK below 800kHz a predictable ideal Q of 400 can be 
obtained. Under this condition, a respectable f 0 xQ prod- 
uct of 6.4MHz is achieved. The 16kHz center frequency will 
be about 0.22% off from the tested value at 250kHz clock 
(see graph 1). For the same clock frequency of 800kHz and 
for the same Q value of 400, the f 0 x Q product can be fur- 
ther increased if the clock to center frequency ratio is low- 


ered below 50:1. In mode 1c with R5=0 and R6 = », the 
(fcLk/fo) ratio is 50/V2. The f 0 xQ product can now be in- 
creased to 9MHz since, with the same clock frequency and 
same Q value, the filter can handle a center frequency of 
16kHz xVi 

For clock frequencies above 1MHz, the f 0 xQ product is 
limited by the clock frequency itself. From graph 4 at 
± 7.5 V supply, 50:1, and 1.4MHz clock, a Q of 5 has about 
8% error; the measured 28kHz center frequency was 
skewed by 0.8% with respect to the guaranteed value at 
250kHz clock. Under these conditions, the f 0 xQ product 
is only 140kHz, but the filter can handle higher input signal 
frequencies than the 800kHz clock frequency-very high Q 
case described above. 

Mode 3, Figure 11, and the modes of operation where R4 is 
finite, are “slower” than the basic mode 1. This is shown 
in graph 16 and 17. The resistor R4 places the input op 
amp inside the resonant loop. The finite GBW of this op 
amp creates an additional phase shift and enhances the Q 
value at high clock frequencies. Graph 16 was drawn with 
a small capacitor, Cc, placed across R4 and as such, at 
V S =±5V, the (1/2irR4C C ) = 2MHz. With V S =±2.5V the 
(1/2?rR4Cc) should be equal to 1.4MHz. This allows the Q 
curve to be slightly “flatter” over a wider range of clock 
frequencies. If, at ±5V supply, the clock is below 900kHz 
(or 400kHz for Vs =± 2.5V), this capacitor, Cc, is not 
needed. 

For graph 25, the clock to center frequency ratios are al- 
tered to 70.7:1 and 35.35:1. This is done by using mode 1c 
with R5=0, Figure 7, or mode 2 with R2=R4 = 1(M The 
mode 1c, where the input op amp is outside the main loop, 
is much faster. Mode 2, however, is more versatile. At 50:1, 
and for Ta = 25°C the mode 1c can be tuned for center fre- 
quencies up to 30kHz. 

Output Noise 

The wideband rms noise of the LTC1060 outputs is 
nearly independent from the clock frequency provided that 
the clock itself does not become part of the noise. The 
LTC1060 noise slightly decreases with ±2.5 V supply. The 
noise at the BP and LP outputs increases for high Q’s. 
Table 2 shows typical values of wideband rms noise. The 
numbers in parentheses are the noise measurement in 
mode 1 with the Sa/b pin shorted to V - as shown in 
Figure 25. 
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Table 2. Wideband rms Noise 


V s 

f CLK 

f. 

Notch/HP 

OiVrms) 

BP 

(/iV rms) 

LP 

(/iV rms) 

CONDITIONS 

±5V 

50:1 

49(42) 

52(43) 

75(65) 

Mode1,R1 = R2 = R3 

±5 V 

100:1 

70(55) 

80(58) 

90(88) 

Q = 1 

± 2.5V 

50:1 

33(31) 

36(32) 

48(43) 


±2.5V 

100:1 

48(40) 

52(40) 

66(55) 


±5V 

50:1 

20(18) 

150(125) 

186(155) 

Mode1,Q = 10 

±5V 

100:1 

25(21) 

220(160) 

240(180) 

R1 = R3 for BP out 

±2.5V 

50:1 

16(15) 

100(80) 

106(87) 

R1 = R2 for LP out 

±2.5V 

100:1 

20(17) 

150(105) 

150(119) 


±5V 

50:1 

57 

57 

62 

Mode 3, R1 = R2= R3 = R4 

±5V 

100:1 

72 

72 

80 

Q = 1 

±2.5V 

50:1 

40 

40 

42 


±2.5V 

100:1 

. 

50 

50 

53 


±5V 

50:1 

135 

120 

140 

Mode 3, R2 = R4, Q = 10 

+ 5V 

100:1 

170 

160 

185 

R3 = R1 for BP out 

±2.5V 

50:1 

100 

88 

100 

R4= R1 for LP and HP out 

±2.5V 

100:1 

125 

115 

130 



Short Circuit Currents 

Short circuits to ground, positive or negative power supply 
are allowed as long as the power supplies do not exceed 
±5V and the ambient temperature stays below 85°C. 
Above +5 V and at elevated temperatures, continuous 


short circuits to the negative power supply will cause ex- 
cessive currents to flow. Under these conditions, the de- 
vice will get damaged if the short circuit current is allowed 
to exceed 80mA. 


DCFIAITIOA OF FIITCA FUACTIOAS 


Each building block of the LTC1060, together with an ex- 
ternal clock and a few resistors, closely approximates 2nd 
order filter functions. These are tabulated below in the fre- 
quency domain. 


Q = Quality factor of the complex pole pair. It is the 
ratio of f 0 to the - 3dB bandwidth of the 2nd or- 
der bandpass function. The Q is always mea- 
sured at the filter BP output. 


1. Bandpass function: available at the bandpass output 
pins (2, 19), Figure 1. 

HoBP=Gainatw=w 0 


2 . 


Lowpass function: available at the LP output pins 
(1,20), Figure! 


G(s) = Hqlp 


2 

u 0 


+ S(o) 0 /Q) + Wo 


f 0 = «o/2ir; fo is the center frequency of the complex H ° LP = DC 9ain 0 the ou pu ' 
pole pair. At this frequency, the phase shift be- 
tween input and output is - 180°. 
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3. Highpass function: available only in mode 3 at the out- 
put pins (3, 18), Figure 3. 


G($)=Hohp 


S 2 + S(mq/Q) + <4 


Hohp = gain of the H P output for f — 


fCLK 


5. Allpass function: available at pins 3(18) for mode 4, 4a. 

[s 2 -s(WQ)+«o] 

G( s ) = HoAP 5 — — — 2 

S + S(ci)q/Q) + Wq 


Hqap = gain of the allpass output for 0 <f < 


fCLK 

2 


4. Notch function: available at pins 3 (18) for several 
modes of operation. 

(S 2 jVn) 


G(S) = (H 0 N2) 


S 2 + S(wo/Q) + Wo 


fCLK 


Hon 2 = gain of the notch output for f-— 

Honi = flain of the notch output for f-0 

f n = a n l2r, f n is the frequency of the notch occur- 
rence. 



s-. H 0 p 

^ h 0 lp| 

z 0.707 Hqlp 

t§ 


For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re- 
sponse is a straight line. In mode 5, the center frequency 
f 2 , of the numerator complex zero pair, is different than fo. 
For high numerator Q’s, the magnitude response will have 
a notch at f z . 


k LOWPASS OUTPUT 


X 



\ 


fp fc 
f(L0G SCALE) 






k=, ° (m + V(“) 2+ ') 


Ih_, » (20 + \liwf +1 ) 

Figure 1 


Hqp=HolpX 


QV 4Q2 

Figure 2 



fc=f 0 x 


HhvFS 7 


'r='°x W’-jb I 


h 0P = H0HP x 


Q V 4Q2 

Figure 3 
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Table 3. Modes of Operation: 1st Order Functions 


Mode 

Pin 2 (19) 

Pin 3(18) 

«c 

fz 

6a 

LP 

HP 

f CLK R 2 





100(50) R3 


6b 

LP 

LP 

f CLK R2 





100(50) R3 


7 

LP 

AP 

f CLK R2 

f CLK R2 




100(50) R3 

100(50) R3 
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Figure 6. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, Figure 7. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass Lowpass 




H 0 bp- — R3/R1 ; Hqlp- 1 + (r 2 /R4)+[R6/(R5 + R6)] 


Figure 8. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Figure 9. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass Lowpass 
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R4 



H ° Nl(f “*°) R1 (R2/R4) 6 +[R 5 6/(R5 + R6)] ’ H ° N2 ( f ^ ^ 2 )- R2/R1 


H 0B p- R3/R1; Holp— ( R 2/R4)+[R6/(R5 + R6)] 

Figure 10. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass 


R4 



fo= TOW# Q HI\/1 ; H °hp= - R2/R1; Hobp= -R3/R1. Holp^ 


Figure 11. Mode 3: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass 



Figure 12. Mode 3a: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass, Notch 


LP 

( 20 ) 


-R4/R1 
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Figure 13. Mode 4: 2nd Order Filter Providing Ailpass, Bandpass, Figure 14. Mode 4a: 2nd Order Filter Providing Highpass, 

Lowpass Bandpass, Lowpass, Allpass 



Figure 15. Mode 5: 2nd Order Filter Providing Numerator Complex Figure 16. Mode 6a: 1st Order Filter Providing Highpass, Lowpass 

Zeros, Bandpass, Lowpass 
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Figure 17. Mode 6b: 1st Order Filter Providing Lowpass 



Figure 18. Mode 7: 1st Order Filter Providing Alipass, Lowpass 


cofflfflenrs on thc mores of opcrrtior 


There are basically three modes of operation: mode 1, 
mode 2, mode 3. In the mode 1, Figure 4, the input amplifi- 
er is outside the resonant loop. Because of this, mode 1 
and its derivatives (mode la, 1b, 1c) are faster than modes 
2 and 3. In mode 1, for instance, the Q errors are becoming 
noticeable above 1MHz clock frequency. 

Mode la, (Figure 5), represents the most simple hook-up of 
the LTC1060. Mode la is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q; if this is acceptable, a 
second order, clock tunable, BP resonator can be 
achieved with only 2 resistors. The filter center frequency 
directly depends on the external clock frequency. For high 
order filters, mode la is not practical since it may require 
several clock frequencies to tune the overall filter 
response. 

Mode 1, Figure 4, provides a clock tunable notch; the 
depth is shown in graph 14. Mode 1 is a practical con- 
figuration for second order clock tunable bandpass/notch 
filters. In mode 1, a bandpass output with a very high Q, to- 
gether with unity gain, can be obtained without creating 
problems with the dynamics of the remaining notch and 
lowpass outputs. 

Modes 1b and 1c, Figures 6,7 are similar. They both pro- 
duce a notch with a frequency which is always equal to 
the filter building block center frequency. The notch and 
the center frequency, however, can be adjusted with an ex- 
ternal resistor ratip. 


The practical clock to center frequency ratio range is: 

SOO^fCLK^lOO / or 50\ mode1b 
1 fo 1 \ 1 / 

1“ or® >M>M or ®_ ;mode1c 

1 1 f 0 V2 V2 

The input impedance of the SI pin is clock dependent, and 
in general R5 should not be larger than 5k. Mode 1b can be 
used to increase the clock to center frequency ratio be- 
yond 100:1. For this mode, a practical limit for the (fcLk/fo) 
ratio is 500:1. Beyond this, the filter will exhibit large out- 
put offsets. Mode 1c is the fastest mode of operation: In 
the 50:1 mode and with (R5 = 0, R6 = ») the clock to center 
frequency ratio becomes (50/V2) and center frequencies 
beyond 20kHz can easily be achieved as shown in graph 
25. Figure 19, illustrates how to cascade the two sections 
of the LTC1060 connected in mode 1c to obtain a sharp 
fourth order, IdB ripple, BP Chebyshev filter. Note that the 
center frequency to the BW ratio for this fourth order 
bandpass filter is 20/1. By varying the clock frequency tp 
sweep the filter, the center frequency of the overall filter 
will increase proportionally and, so will the BW to main- 
tain the 20:1 ratio constant. All the modes of operation 
yield constant Q’s; with any filter realization the BW’s will 
vary when the filter is swept. This is shown in Figure 19, 
where the BP filter is swept from 1kHz to 20kHz center 
frequency. 
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Modes 2, 2a, and 2b have a notch output which frequency, 
f n , can be tuned independently from the center frequency, 
f 0 . For all cases, however, f n <f 0 . These modes are useful 
when cascading second order functions to create an over- 



PRECISE RESISTOR VALUES 
R1 1 = 149.21k R1 2 — 45.14k 

R21 =4. 99k R22 = 5 001k 

R31 =149. 12k R32 = 142.64k 

R51 =2. 55k R5 = 2.49k 

R61 =2. 49k R62 -4.29k 


all elliptic highpass, bandpass or notch response. The in- 
put amplifier and its feedback resistors (R2/R4) are now 
part of the resonant loop. Because of this, mode 2 and its 
derivatives are slower than mode 1 's. 
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Figure 19. Cascading the 2 sections of the LTC1060 connected in mode 1c to obtain a clock tunable 4th order 
IdB ripple bandpass Chebyshev filter with (center frequency) / (Ripple Bw) = 20/1 . 


In mode 3, Figure 11, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fcLK/100 (or 
fct.K/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 12). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rh / 
Ri). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtaip high order elliptic filters. Figure 20, shows the 2 
sections of an LTC1060 connected in mode 3a to obtain a 
clock tunable 4th order sharp elliptic bandpass filter. The 
first notch is created by summing directly the HP and LP 
outputs of the first section into the inverting input of the 
second section op amp. The individual Q's are 29.6 and the 
filter maintains its shape and performance up to 20kHz 
center frequency, Figure 21. For this circuit an external op 
amp is required to obtain the 2nd notch. The dynamics of 


Figure 20 are excellent because the amplitude response at 
each output pin does not exceed OdB. The gain in the 
passband depends on the ratio of (Rg/Rh2)x(R22/Rhi)x 
(R21/R11). Any gain value can be obtained by acting on the 
(R g /R h 2 ) ratio of the external op amp, meanwhile the 
remaining ratios are adjusted for optimum dynamics of 
the LTC1060 output nodes. The external op amp of Figure 
20 is not always required. In Figure 22, one section of the 
LTC1060 in mode 3a is cascaded with the other section in 
mode 2b to obtain a 4th order, IdB ripple, elliptic bandre- 
ject filter. This configuration is interesting because a 4th 
order function with two different notches is realized with- 
out requiring an external op amp. The clock to center fre- 
quency ratio is adjusted to 200:1; this is done in order to 
better approximate a linear R,C notch filter. The amplitude 
response of the filter is shown in Figure 23 with up to 
1MHz clock frequency. The OdB bandwidth to the stop 
bandwidth ratio is 9/1. When the filter is centered at 1kHz, 
it should theoretically have a 44dB rejection with a 50Hz 
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stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 22, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/bandre- 


ject filters, the mode 3a approach as in Figure 20, yields 
better dynamic range since the external op amp helps to 
optimize the dynamics of the output nodes of the 
LTC1060. 



NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 


Figure 20. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 21 with improved 
dynamics. The gain at each output node is <0dB for all input frequencies. 




1.5kHz 1.75kHz 2kHz 2.25kHz 2.5kHz 



15kHz 17.5kHz 20kHz 22.5kHz 25kHz 


Figure 21. The BP filter of Figure 20, when swept from a 2kHz to 20kHz center frequency. 


XTIflS® 
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Rhl 



R52 = 5k R62 = 1.59k R22=60k 

R32=455.75k R42 = 503.85k 


v 0UT 



0.7 0.8 0.9 f o = 1.0 1.1 1.2 1.3 

INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 


Figure 22. Combining mode 3 with mode 2b to create a 4th order Figure 23. Amplitude Response of the notch filter of Figure 22. 
BR elliptic filter with IdB ripple and a ratio of OdB to stop 
bandwidth equal to 9/1. 


LTC1060 OFFS6TS 

Switched capacitor integrators generally exhibit higher 
input offsets than discrete R,C integrators. 

These offsets are mainly due to the charge injection of the 
CMOS switches into the integrating capacitors and they 
are temperature independent. The internal op amp offsets 
also add to the overall offset budget and they are typically 
a couple of millivolts. 

Because of this, the DC output offsets of switched capac- 
itor filters are usually higher than the offsets of discrete 
active filters. 


Figure 24 shows half of an LTC1060 filter building block 
with its equivalent input offsets Vosi, Vos2> Vos3- All three 
are 100% tested for both sides of the LTC1060. Vos2 is 
generally the larger offset. When the Sa/b, pin 6, of the 
LTC 1060 is shorted to the negative supply (i.e., mode 3), 
the value of the Vqs2 decreases. Additionally, with Sa/b 
low, a 20%-30% noise reduction is observed. Mode 1 can 
still be achieved, if desired, by shorting the SI pin to the 
lowpass output, Figure 25. 
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LTC1060 OFFSETS 



Figure 24. Equivalent input Offsets of 1/2 LTC1060 Filter Building 
Block 


Figure 25. Mode 1(LN): Same Operation as Mode 1 but Lower 
Vqs 2 Offset and Lower Noise 


Output Offsets 

The DC offset at the filter bandpass output is always equal 
to Vos 3 - The DC offsets at the remaining two outputs 
(Notch and LP) depend on the mode of operation and ex- 
ternal resistor ratios. Table 5 illustrates this. 

It is important to know the value of the DC output offsets, 

Table 5 


especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q’s decrease 

2. The ratio (fcLK^o) increases beyond 100:1. This is 
done by decreasing either the (R2/R4) or the R6/ 

(R5 + R6) resistor ratios. 


Mode 

V OSN 

Pin 3(18) 

V 0 SBP 

Pin 2(19) 

V OSLP 

Pin 1(20) 

1,4 

VosiIW + 1 + IIHolrII] - V 0 S 3 /Q 

V OS3 

V OSN ~ V OS2 

la 

Vosi[1+(1/Q)]-V 0 s3/Q 

V OS3 

V OSN“ V OS2 

1b 

Vosi[(1/Q) + 1 + R2/R1] - V 0S3 /Q 

V OS3 

~(Vosn “ ^OS2) (1 + R5/R6) 

1c 

Vosi[(1/Q) + 1 + R2/R1]-V 0 s 3 /Q 

V OS3 

-<Vosn-Vos2)- +2R6) 

2,5 

[V 0S i(1 + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 

X [R4/(R2 + R4)] + V OS2 [R2/(R2 + R4)] 

V OS3 

V OSN - V OS2 

2a 

[V 0 si(1 + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 

X f R4<1 + k) 1 +Vos2 [ R2 1 ;k = R6 
|_R2 + R4(1 + k)J |_R2 + R4(1 + k)J R5 + R6 

V OS3 

~(V OSN — Vosz) <R5 + R6) 

(R5 + 2R6) 

2b 

[V 0S i(1 + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 




X f R4k 1 +V 0S2 r R2 1 ;k= R6 

[R2 + R4kJ [ R 2 + R 4k J R5 + R6 

V OS3 

-(V 0 sn-V 0 s2)(1 + R5/R6) 

3,4a 

V 0S2 

V OS3 

^ [*5*5*5] 

- v »(s) 
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LTC1060 


PACKAGE D6SCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
20 Lead CERDIP 



t jmax 

e JA 

150°C 

70°C/W 


N Package 
20 Lead Molded DIP 




t jmax 

0 JA 

100°C 

100°C/W 
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/TLirm 

JLr/ TECHNOLOGY 


F€ATUA€S 

■ Operates from ± 2.5V supply up to ±8V 

■ Operates up to 30kHz 

■ Low Power and 88dB Dynamic Range at ± 2.5 V Supply 

■ Center Frequency Q Product up to 1.6MHz 

■ Guaranteed Offset Voltages 

■ Guaranteed Clock to Center Frequency Accuracy over 
Temperature, 0.8% or Better 

■ Guaranteed Q Accuracy over Temperature 

■ Low Temperature Coefficient of Q and Center 
Frequency 

■ Low Crosstalk, 70dB 

■ Clock Inputs TTL and CMOS Compatible 

APPUCATIOAS 

■ Single 5V Supply Medium Frequency Filters 

■ Very High Q and High Dynamic Range Bandpass, 
Notch Filters 

■ Tracking Filters 

■ Telecom Filters 


Universal Dual Filter 
Building Block 

DCSCRIPTIOn 

The LTC1060 consists of two high performance, switched 
capacitor filters. Each filter, together with 2 to 5 resistors, 
can produce various 2nd order filter functions such as low- 
pass, bandpass, highpass notch and allpass. The center 
frequency of these functions can be tuned by an external 
clock, or by an external clock and resistor ratio. Up to 4th 
order full biquadratic functions can be achieved by cas- 
cading the two filter blocks. Any of the classical filter con- 
figurations (like Butterworth, Chebyshev, Bessel, Cauer) 
can be formed. 

The LTC1060 operates with either a single or dual supply 
from ± 2.37V to +8V. When used with low supply (i.e., 
single 5V supply), the filter typically consumes 12mW and 
can operate with center frequencies up to 10kHz. With 
+5V supply, the frequency range extends to 30kHz and 
very high Q values can also be obtained. 

The LTC1060 is manufactured by using Linear Tech- 
nology’s enhanced LTCMOS™ silicon gate process. Be- 
cause of this, low offsets, high dynamic range, high center 
frequency Q product and excellent temperature stability 
are obtained. 


LTCMOS™ is a trademark of Linear Technology Corp. 


Single 5V, Gain of 1000 4th Order Bandpass Filter 


Amplitude Response 


3.16k 




0 100 125 150 175 200 225 250 27 

INPUT FREQUENCY (Hz) 
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LTC1060CS 


absolute mnximum rathkk pack ag€/ordcr iRFORfflATion 


Supply Voltage 18V 

Operating Temperature Range -40 °C<Ta<85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



TOP VIEW 


ORDER PART 
NUMBER 

lpa|T 
BPaU 
n/ap/hp a IT 
inv a [T 
sia[T 
Sa/b nr 
v a + E 
v d + [T 



20]lPb 

IUbpb 

75] n/ap/hpb 

77] iimv b 
]H si B 

75] AGND 
m v A - 

Iv D - 


LTC1060 

LTC1060S 



PART MARKING 

LSh E 

clk a []o 



77] 50/100/HOLD 

77] clk b 

LTC1060S 


S20 PACKAGE 
PLASTIC SOL 




ELECTRICAL CHARACTERISTICS (Complete Filter) V$ = ± 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Center Frequency Range 


f o xQ<400kHz, Model 
f 0 xQ< 1.6MHz, Model 


0.1 -20k 
0.1-16k 


Hz 

Hz 


Clock to Center Frequency Ratio 
(Notel) 


Mode 1, 50:1, f C LK = 250kHz, Q = 10 
Model, 100:1, f CL K = 500kHz,Q = 10 


50 ±0.8% 
100 ± 0 . 8 % 


Q Accuracy (Notel) 


Model, 50:1 or 100:1, f 0 = 5kHz 
Q = 10 


±0.5 


f 0 Temperature Coefficient 
Q Temperature Coefficient 


Mode 1,f CL K< 500kHz 
M ode 1 , f CLK < 500kHz, Q = 1 0 


-10 
+ 20 


ppm/°C 

ppm/°C 


DC Offset V 0 si (Note 2) 

V 0S2 

V 0S2 

V 0S2 

V 0S2 

V OS3 

VpS3 


f C LK= 250kHz, 50:1, Sa/b High 
f C LK= 500kHz, 100:1, Sa/b High 
f CLK = 250kHz, 50:1, Sa/b Low 
fdK = 500kHz, 100:1, Sa/b Low 
f C LK = 250kHz, 50:1 , Sa/b Low 
fdK = 500kHz, 100:1, Sa/b Low 


15 

40 

80 

30 

60 

30 

60 


mV 

mV 

mV 

mV 

mV 

mV 

mV 


DC Low Pass Gain Accuracy 
BP Gain Accuracy at f 0 
Clock Feedthrough 
Max. Clock Frequency 
Power Supply Current 

Crosstalk 


Mode 1,R1 = R2 = 50k 
Mode 1, Q = 10, f 0 = 5kHz 
fcLK^IMHz 


± 0.1 

± 0.1 

10 

1.5 

5 

70 


8 

12 


% 

% 

mV(p-p) 

MHz 

mA 

mA 

dB 


Note 1: An LTC1060S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 

Note 2: For definition of the DC offset voltages refer to the LTC1060 data 
sheet. An LTC1060S with improved DC offset specifications can be made 
available upon special request. 
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LTC1060CS 


€l€CTftlCAl CHARACTERISTICS (Complete Filter) Vs = ± 2.37V, Ta = 25°C 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Center Frequency Range 

f 0 xQ< 100kHz 


0.1-10k 

Hz 

Clock to Center Frequency Ratio 

Mode 1, 50:1, fcLK = 250kHz, Q = 10 


50 ±0.8% 



Mode 1, 100:1, fcLK = 250kHz,Q = 10 


100 ±0.8% 


Q Accuracy 

Mode 1,f 0 = 2.5kHz, Q = 10 

50:1 and 100:1 


±2 

. ..... 

% 

Max Clock Frequency 



500 

kHz 

Power Supply Current 



2.5 4 

mA 


ELECTRICAL CHARACTERISTICS (Internal Op Amps)TA = 25°C 


PARAMETER 

[ CONDITIONS | 

MIN TYP MAX 

UNITS 

Supply Voltage Range 



±2.37 ±8 

V 

Voltage Swings 

V S =±5V, R L = 5k (Pins 1, 2, 19,20) 


±3.8 ±4 

V 


R l = 3.5k (Pins 3, 18) 

• 

±3.6 ±4 

V 

Output Short Circuit Current 

V s = ±5V 




Source 



25 

mA 

Sink 



3 

mA 

Op Amp GBW Product 

V S =±5V 


2 

MHz 

Op Amp Slew Rate 

V S =±5V 


7 

yins 

Op Amp DC Open Loop Gain 

R l = 10k, V s = ±5V 


85 

dB 


The • denotes the specifications which apply over the full operating tem- 
perature range. 


BLOCK DIAGRAfll 


V[)+ V A + n/ap/hp a S1 a bp a lp a 
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LTC1061 


FCATURCS 

■ Up to 6th Order Filter Functions with a Single 20 Pin 

0.3" Wide Package 

■ Center Frequency Range up to 35kHz 

■ f 0 xQ Product Up to 1 MHz 

■ Guaranteed Center Frequency and Q Accuracy Over 

Temperature 

■ Guaranteed Low Offset Voltages Over Temperature 

■ 90dB Signal to Noise Ratio 

■ Filter Operates From Single 4.7V Supply and Up to 

+ 8V Supplies 

■ Guaranteed Filter Specifications with ±5V Supply and 

± 2.37V Supply 

■ Low Power Consumption with Single 5V Supply 

■ Clock Inputs T 2 L and CMOS Compatible 


APPLICATIOAS 

■ High Order, Wide Frequency Range Bandpass, 

Lowpass, Notch Filters 

■ Low Power Consumption, Single 5V Supply Clock 

Tunable Filters 

■ Tracking Filters 

■ Antialiasing Filters 

LTCMOS™ is a trademark of Linear Technology Corp. 


High Performance Triple 
Universal Filter Building Block 

D6SCRIPTIOA 

The LTC1061 consists of three high performance, univer- 
sal filter building blocks. Each filter building block to- 
gether with an external clock and 2 to 5 resistors can pro- 
duce various second order functions which are available 
at its three output pins. Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or allpass. The center 
frequency of these functions can be tuned with an ex- 
ternal clock or an external clock and a resistor ratio. For 
Q<5, the center frequency ranges from 0.1Hz to 35kHz. 
For Q’s of 10 or above, the center frequency ranges from 
0.1 Hz to 28kHz. 

The LTC1061 can be used with single or dual supplies 
ranging from ± 2.37V to +8V (or 4.74V to 16V). When the 
filter operates with supplies of ± 5 V and above, it can han- 
dle input frequencies up to 100kHz. 

The LTC1061 is compatible with the LTC1059 single uni- 
versal filter and the LTC1060 dual. Higher than 6th order 
functions can be obtained by cascading the LTC1061 with 
the LTC1059 or LTC1060. Any classical filter realization 
can be obtained. 

The LTC1061 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS™ silicon gate process. 


TYPICAL APPIICATIOA 

6th Order, Clock Tunable, 0.5dB Ripple Chebyshev BP Filter 



Amplitude Response 



/yuim 

JKLmmW TECHNOLOGY 
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LTC1061 


absolute mnximum rrtirgs 


Supply Voltage 18V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1061AC, LTC1061C -40°C<T A <85°C 

LTC1061AM, LTC1061M -55°C<T A <125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, lOsec) 300°C 


PACKAGE/ORDER IRF OAmATlOA 



TOP VIEW 


ORDER PART NUMBER 

LPaU 


mJlP 0 


B r aE 


19] bp b 


NaE 


TsJnb 


inv a [T 


i7|inv b 

LTC1061AMJ, LTC1061MJ 

SIaE 


lsi B 

LTC1061ACJ, LTC1061CJ 

agndE 


]5j V- 

LTC1061ACN, LTC1061CN 

50/100/HOLDE 


h]lp c 


clkE 


jH BPc 


LSh E 


UhPc 

(ALSO AVAILABLE IN 

v+E 


TTJ iNV c 

SO PACKAGE) 

J20 PACKAGE N20 PACKAGE 


HERMETIC PLASTIC 



ELECTRICAL CHARACTERISTICS 

(Complete Filtei) Vs = ± 5V, T A = 25°C, T 2 L clock input level, unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Center Frequency Range, f 0 

f 0 xQ<175kHz, Model, V s = ±7.5V 


0.1 -35k 


Hz 


f 0 xQ<1.6MHz, Mode 1, V s = ±7.5V 


0.1 -25k 


Hz 


f 0 x Q<75kHz, Mode 3, V s = ± 7.5V 


0.1 -25k 


Hz 


f 0 xQ<1MHz, Mode3, V s = ±7.5V 
(Note 1) 

1 


0.1-17k 


Hz 

Input Frequency Range 



0-200k 

Hz 

Clock to Center Frequency Ratio, 
fcLK /f o 






LTC1061A 

Sides A, B: Mode 1 , R1 = R3 = 50kfi 

• 


50 ±0.6% 


LTC1061 

R2 = 5kQ, Q = 10, f CLK = 250kHz 

Pin 7 High. 

Side C: Mode 3, R1 = R3 = 50k 

R2 =R4 = 5k, f CLK = 250kHz 

• 


50 ±1.2% 


LTC1061A 

Same as Above, Pin 7 at 

• 


100 ±0.6% 


LTC1061 

Mid-Supplies, fcLK = 500kHz 

• 


100 ±1.2% 


Clock to Center Frequency Ratio, 

Side to Side Matching 

i 





LTC1061 

! 



1.2% 


Q Accuracy 






LTC1061A 

Sides A, B, Mode 1 

• 

±2 

5 

% 

LTC1061 

Side C, Mode 3 
f 0 x Q < 50kHz, f 0 < 5kHz 

• 

±3 

5 

% 

f 0 Temperature Coefficient 

Model, 50:1, f CLK <300kHz 


±1 


ppm/°C 

Q Temperature Coefficient 

Model, 100:1, fcLK< 500kHz 


±5 


ppm/°C 


Mode 3, f CLK < 500kHz 


±5 


ppm/°C 
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LTC1061 


€l€CTRICAl CHARACTERISTICS 

(Complete Filter) V$ = ± 5V, Ta = 25°C, T 2 L clock input level, unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

DC Offset Voltage 






Vosi, Figure 23 


• 

2 

15 

mV 

Vos2 

f CLK = 250kHz, 50:1 


3 

30 

mV 

V 0S2 

f CLK = 500kHz, 100:1 

• 

6 

60 

mV 

Vo$3 

f CLK = 250kHz, 50:1 


3 

20 

mV 

V 0S3 

f CL K = 500kHz, 100:1 

• 

6 

40 

mV 

Clock Feedthrough 

f C LK<1MHz 


0.4 


mV RMS 

Max. Clock Frequency 

Model, Q<5,V S >±5V 


2.5 


MHz 

Power Supply Current 



6 8 

11 

mA 



• 


15 

mA 

€l€CTRICRl CHRRRCTCRISTICS (Complete Filter) V§ = ± 2.37V, Ta = 25°C unless otherwise specified 

PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Center Frequency Range, f 0 . 

f 0 x Q < 120kHz, Mode 1 , 50:1 


0.1-12k 


Hz 


f 0 x Q< 120kHz, Mode 3, 50:1 


0.1-10k 


Hz 

Input Frequency Range 



0-20k 

Hz 

Clock to Center Frequency Ratio 

50:1, f CLK = 250kHz, Q = 10 





LTC1061A 

Sides A, B: Mode 1 

• 


50 ±0.6% 


LTC1061 

SideC: Mode 3 


50 ± 1 % 



LTC1061A 

100:1, f CLK = 250kHz, Q = 10 


100 ±0.6% 



LTC1061 

Sides A, B: Model 

SideC: Mode 3 


100 ±1% 



Q Accuracy 






LTC1061A 

Same as Above 


±2 


% 

LTC1061 



±3 


% 

Max. Clock Frequency 



700k 


Hz 

Power Supply Current 



4.5 

6 

mA 


ElECTRICAl CHARACTERISTICS (Internal Op Amps) Ta = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Supply Voltage Range 



±2.37 ±9 

V 

Voltage Swings 





LTC1061A 

V s = ± 5V, R l = 5k (Pins 1, 2, 13, 14, 19, 20) 


±4 ±4.2 

V 

LTC1061 

R l = 3.5k (Pins 3, 12, 18) 


±3.8 ±4.2 

V 

LTC1061, LTC1061A 


• 

±3.6 

V 

Output Short Circuit Current 

! 

i 

I 



Source/Sink 

V s = ±5V 

! 

40/3 

mA 

DC Open Loop Gain 

V S =±5V, R l = 5k 

! 

80 

dB 

GBW Product 

V S =±5V 


3 

MHz 

Slew Rate 

V S =±5V 


7 

V//i s 


The • denotes the specifications which apply over the full operating temperature range. 
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% DEVIATION (f CLK /f 0 ) 


LTC1061 



TYPICAL PCRFORmnnce CHRRRCTCRISTICS 


Graph 3. Mode 3: Deviation of 

Graph 1. Model, Mode 3 Graph 2. Model, Mode 3 (Iclk^o) with Respect to Q= 10 

(•clk/Io) Deviation vs Q (fcLK^o) Deviation vs Q Measurement 



0.1 1 10 100 0 1 1 10 100 0.1 1 10 100 
IDEAL Q IDEAL Q IDEAL Q 
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Power Supplies (Pins 1 0, 1 5) 

They should be bypassed with O.fyF disc ceramic. Low 
noise, non-switching, power supplies are recommended. 
The device operates with a single 5V supply, Figure 1, and 
with dual supplies. The absolute maximum operating 
power supply voltage is ± 9 V. 

Clock and Level Shift (Pins 8, 9) 

When the LTC1061 operates with symmetrical dual sup- 
plies the level shift Pin 9 should be tied to analog ground. 


For single 5 V supply operation the level shift pin should be 
tied to Pin 15 which will be the system ground. The typical 
logic threshold levels of the clock pin are as follows: 1 .65V 
above the level shift pin for ±5V supply operation, 1.75V 
for ± 7.5V and above, and 1 .4V for single 5 V supply opera- 
tion. The logic threshold levels vary ± lOOmV over the full 
military temperature range. The recommended duty cycle 
of the input clock is 50% although for clock frequencies 
below 500kHz the clock “on” time can be as low as 300ns. 
The maximum clock frequency for ±5 V supplies and 
above is 2.4MHz, 


XTUD8® 
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S1a> S1b (Pins 5, 16) 

These are voltage input pins. If used, they should be driven 
with a source impedance below 5ktl. When they are not 
used, they should be tied to the analog ground Pin 6. 

AG ND (Pin 6) 

When the LTC1061 operates with dual supplies, Pin 6 
should be tied to system ground. When the LTC1061 oper- 
ates with a single positive supply, the analog ground pin 
should be tied to 1/2 supply, Figure 1. The positive input of 
all the internal op amps, as well as the common reference 
of all the internal switches, are internally tied to the ana- 
log ground pin. Because of this, a “clean” ground is 
recommended. 

50/100/Hold (Pin 7) 

By tying Pin 7 to V + , the filter operates with a clock to cen 
ter frequency internally set at 50:1. When Pin 7 is at mid- 
supplies, the filter operates with a 100:1 clock to center 
frequency ratio. Table 1 shows the allowable variation of 
the potential at Pin 7 when the 100:1 mode is sought. 


When Pin 7 is shorted to the negative supply pin, the filter 
operation is stopped and the bandpass and lowpass out- 
put act as a sample and hold circuit holding the last sam- 
ple of the input voltage. The hold step is around 2mV and 
the droop rate is 150/xV/sec. 


Table 1 


Total Power Supply 

Voltage Range of Pin 7 
for 100:1 Operation 

5V 

2.5V ± 0.5V 

10V 

5V±1V 

15V 

7.5V ± 1.5V 


Clock Feedthrough 

This is defined as the amplitude of the clock frequency ap- 
pearing at the output pins of the device, Figure 2. Clock 
feedthrough is measured with all three sides of the 
LTC1061 connected as filters. The clock feedthrough 
mainly depends on the magnitude of the power supplies 
and it is independent from the input clock levels, clock fre- 
quency and modes of operation. 


R1 



Figure 1. The 6th order LP Butterworth Filter of Figure 5 
Operating with a Single 5V Supply. 
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Table 2 illustrates the typical clock feedthrough numbers 
for various power supplies. 


HORIZONTAL = 1 0/*s / Dl V 

Figure 2. Typical Clock Feedthrough of the LTC1061 
Operating with ± 5V Supplies. Top Trace is the Input Clock 
Swinging 0-5V and Bottom Trace is One of the Lowpass 
Outputs with Zero or DC Input Signals. 


Table 2 


Power Supply 

Clock Feedthrough 

± 2.5V 

0.2m Vr^s 

±5V 

0.4mV R Ms 

±8V 

0.8mV RMS 


Definition of Filter Functions 

Refer to LTC1060 datasheet. 


mODCSOF OP€RMiOn 

Description and Applications 

1. Primary Modes: There are two basic modes of operation, 
Mode 1 and Mode 3. In Mode 1, the ratio of the external 
clock frequency to the center frequency of each 2nd order 
section is internally fixed at 50:1 or 100:1. In Mode 3, this 
ratio can be adjusted above or below 50:1 or 100:1. The 
side C of the LTC1061 can be connected only in Mode 3. 
Figure 3 illustrates Mode 1 providing 2nd order notch, low- 
pass, and bandpass outputs (for definition of filter func- 


R3 



Figure 3. Model: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass. 


tions refer to the LTC1060 datasheet). Mode 1 can be used 
to make high order Butterworth lowpass filters; it can also 
be used to make low Q notches and for cascading 2nd 
order bandpass functions tuned at the same center fre- 
quency and with unity gain. Mode 3, Figure 4, is the classi- 
cal state variable configuration providing highpass, 
bandpass and lowpass second order filter functions. 


C C 



Figure 4. Mode 3: 2nd Order Filter Providing Highpass, 
Bandpass, Lowpass. 
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Since the input amplifier is within the resonant loop, its 
phase shift affects the high frequency operation of the fil- 
ter and therefore, Mode 3 is slower than Mode 1. Mode 3 
can be used to make high order all-pole bandpass, low- 
pass, highpass and notch filters. Mode 3 as well as Mode 1 
is a straightforward mode to use and the filter’s dynamics 
can easily be optimized. Figure 5 illustrates a 6th order 
lowpass Butterworth filter operating with up to 40kHz cut- 
off frequency and with up to 200kHz input frequency. 
Sides A, B are connected in Mode 1 while side C is con- 
nected in Mode 3. The lower Q section was placed in side 
C, Mode 3, to eliminate any early Q enhancement. This 
could happen when the clock approaches 2MHz. The mea- 
sured frequency response is shown in Figure 6. The at- 
tenuation floor is limited by the crosstalk between the 
three different sections operating with a clock frequency 
above 1MHz. The measured wideband noise was 
150/iVrms. For limited temperature range the filter of 
Figure 5 works up to 2.5MHz clock frequency thus yielding 
a 50kHz cutoff. 


2. Secondary Modes: Mode ib— It is derived from Mode 1. 
In Mode 1b, Figure 7, two additional resistors, R5 and R6, 
are added to attenuate the amount of voltage fed back 
from the lowpass output into the input of the Sa (Sb) 



HARMONIC DISTORTION WITH f CLK =2MHz | 

f IN 

2ND HARMONIC 

10kHz, 1V RMS 

— 74dB 

20kHz, 1V RMS 

-62dB 

30kHz, 1V RMS 

— 62dB 

40kHz, 1V RMS 

-62dB 


STANDARD 1% RESISTOR VALUES 
R11 =20k R21 =20k 

R31 — 11k R41 =20k 

R12=20k R22=20k 

R32=14k R23=10k 

R13=10k R33=17.8k 


Figure 5. 6th Order Buttemorth Lowpass Filter with 
Cutoff Frequency up to 45kHz. 


switched capacitor summer. This allows the filter clock to 
center frequency ratio to be adjusted beyond 50:1 (or 
100:1). Mode 1b still maintains the speed advantages of 
Mode 1. Figure 8 shows the 3 lowpass sections of the 
LTC1061 in cascade resulting in a Chebyshev lowpass fil- 
ter. The side A of the 1C is connected in Mode 1 b to provide 
the first resonant frequency below the cutoff frequency of 
the filter. The practical ripple, obtained by using a non-A 
version of the LTC1061 and 1% standard resistor values, 
was 0.15dB. For this 6th order lowpass, the textbook Q’s 
and center frequencies normalized to the ripple bandwidth 
are: Q1 = 0.55, f 0 1 =0.71, Q2=1.03, f 0 2 = 0.969, Q3 = 3.4, 
f 0 3 = 1 . 1 7. The design was done with speed in mind. The 
higher (Q3, f 0 3) section was in Mode 1 and placed in the 
side B of the LTC1061. The remaining two center frequen- 
cies were then normalized with respect to the center fre- 
quency of side B; this changes the ratio of clock to cutoff 
frequency from 50:1 to 50x1.17 = 58.5:1. As shown in 
Figure 9, the maximum cutoff frequency is about 33kHz. 
The total wideband output noise is 220/jVrms and the 
measured output DC offset voltage is 60mV. Another 
example of Mode 1b is illustrated on the front page of 
the datasheet. The cascading sequence of this 6th 
order bandpass filter is shown in block diagram form, 
Figure 10A. The filter is geometrically centered around the 



10k 20k 40k 100k 200k 1M 

f|N (HZ) 


Figure 6. Measures Frequency 
Response of the Lowpass 
Butterworth Filter of Figure 3. 
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side B of the LTC1061 connected in Mode 1. This dictates 
a clock to center frequency ratio of 50:1 or 100:1. The side 
A of the 1C operates in Mode 1 b to provide the lower center 
frequency of 0.95 and still share the same clock with the 
rest of the filter. With this approach the bandpass filter 


can operate with center frequencies up to 24kHz. The 
speed of the filter could be further improved by using 
Mode 1 to lock the higher resonant frequency of 1.05 and 
higher Q of 31.9 to the clock, Figure 10B, thus changing 
the clock to center frequency ratio to 52.6:1 . 


f — __[CLK__ / R6 . f _< . n__F 
°~ 100(50) VR5 + R6’ n °’ U ~F 


H 0Nl(f ^ 0) = H qn 2 (f-- %*) H 0LP=|W(§TiW (R5//R6)<5kQ 


STANDARD 1% RESISTOR VALUES 


R11 =35.7k 
R31 =11 5k 
R51= 5.49k 
R1 2 — 1 1 k 
R32 = 36.5k 
R13 = 15.8k 


R33 = 1 3k 
R21 =12. Ik 
R61 =2 87k 
R22 = 1 1 k 
R23 = 10 5k 
R43 = 1 5 8k 



* V OUT 


Figure 7. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, 
Lowpass. 


Figure 8. 6th Order Chebyshev, Lowpass Filter using 3 Different 
Modes of Operation for Speed Optimization. 




10k 30k 100k 1M 

f IN (Hz) 


V IN' 


SIDE A SIDEB SIDE C 



f 0 1 =0 95 f 0 2 = 1 f 0 3 = 1 .05 

Q1 =31.9 Q2 = 15 9 Q3 = 31.9 


Vout 


Figure 10A. Cascading Sequence of the Bandpass Filter Shown 
on the Front Page, with (fcLK/U = 50:1 or 100:1. 


Vim- 


side a side b side c 



f 0 1 =0.95 f o 2 = 1.05 f 0 3 = 1 

Q1=31.9 02=31.9 Q3 = 1 5.9 


VOUT 


Figure 9. Amplitude Response of the 6th Order Chebyshev 
Lowpass Filter of Figure 8. 


Figure 10B. Cascading Sequence of the Same Filter for Speed 
Optimization, and with (Iclk^o) = 52.6:1. 
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Mode 3a— This is an extension of Mode 3 where the 
highpass and lowpass outputs are summed through two 
external resistors Rh and R| to create a notch, Figure 11. 
Mode 3a is very versatile because the notch frequency can 
be higher or lower than the center frequency of the 2nd or- 
der section. The external op amp of Figure 1 1 is not always 
required. When cascading the sections of the LTC1061, 
the highpass and lowpass outputs can be summed di- 
rectly into the inverting input of the next section. Figure 12 

Cc 


shows an LTC1061 providing a 6th order elliptic bandpass 
or notch response. Sides C and B are connected in 
Mode 3a while side A is connected in Mode 1 and uses 
only two resistors. The resulting filter response is then 
geometrically symmetrical around either the center fre- 
quency of side A (for bandpass responses) or the notch 
frequency of side A (for notch responses). Figure 13 shows 
the measured frequency response of the circuit Figure 12 
configured to provide a notch function. The filter output is 
taken out of pin 3. The resistor values are standard 1%. 



LTC1061, SIDE A, B, C 


topi vi i - r2/ri; h »= - r3/ri ' h ° lp = - r4/ri 

Ho N ,(f-0) = ^xW ;Hwl2 ^jaK) = 5 Sx^„ on((= ,o) = q(^Ho L p-^Ho„p);0= § 

Figure 11. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch. 



NOTE: FOR NOTCH RESPONSES, 
PIN 7 SHOULD BE PREFERABLY 
CONNECTED TO GROUND AND 
THE FILTER OUTPUT IS PIN 3. 

FOR BANDPASS OR LOWPASS 
RESPONSES PIN 7 CAN BE EITHER 
AT GROUND OR POSITIVE SUPPLY, 
AND THE FILTER OUTPUT IS PIN 2 
OR PIN 1. 


Figure 12. 6th Order Elliptic Bandpass, Lowpass or Notch Topology. 
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The ratio of the OdB width, BW1, to the notch width BW2, 
is 5:1 and matches the theoretical design value. The mea- 
sured notch depth was -53dB versus -56dB theoretical 
and the clock to center notch frequency ratio is 100:1. 
Figure 14 shows the measured frequency response of the 
circuit topology, Figure 12, but with pole/zero locations 
configured to provide a high Q, 6th order elliptic bandpass 
filter operating with a clock to center frequency ratio of 
50:1 or 100:1. The theoretical passband ripple, stopband 
attenuation and stopband to ripple bandwidth ratio are 
0.5dB, 56dB, 5:1 respectively. The obtained results with 
1 % standard resistor values closely match the theoretical 
frequency response. For this application, the normalized 
center frequencies, Q’s, and notch frequencies are 
(f 0 1 = 0.969, Q1 =54.3, f n 1 = 0.84, f 0 2 = 1.031, Q2 = 54.3, 



1 1.5 2 2.5 3 3.5 


STANDARD 1% RESISTOR VALUES 

R11 = 165k R21 = 10k 

R31 = 143k R41 = 13k 

Rhl = 10k R|1 =10. 5k 

R22 = 20k R32 = 221k 

R42 = 15.4k R h 2 = 10.5k 

R|2 = 10k R23=84 5k 

R33 = 169k 

NOTES: USE A 15pF CAPACITOR 
BETWEEN PINS 17 AND 18. 

PIN 7 IS GROUNDED 


f|N (kHz) 


Figure 13. Resistor Values and Amplitude Response 
of Figure 12 Topology. The Notch is Centered at 2600Hz. 


f n 2 = 1.187, f 0 3= 1, Q3= 26.2). The output of the filter is the 
BP output of Side A, Pin 2. 

Lowpass filters with stopband notches can also be 
realized by using Figure 12 provided that 6th order low- 
pass filter approximations with 2 stopband notches can 
be synthesized. Literature describing elliptic double 
terminated (RLC) passive ladder filters provide enough 
data to synthesize the above filters. The measured ampli- 
tude response of such a lowpass is shown in Figure 15 
where the filter output is taken out of side A’s Pin 1, 
Figure 12. The clock to center frequency ratio can be ei- 
ther 50:1 or 100:1 because the last stage of the LTC1061 
operates in Mode 1 with a center frequency very close to 
the overall cutoff frequency of the lowpass filter. 



STANDARD 1% RESISTOR VALUES 


R1 1 = 576k 
R31 = 562k 
R h 11 =28 7k 
R22 = 10.7k 
R42 = 1 0k 
R|2 = 10k 
R33 = 75k 


R21 = 1 0k 
R41 =10 7k 
R|11 =40. 2k 
R32 = 562k 
R h 2 = 14k 
R23 = 2 94k 


NOTE- FOR CLOCK FREQUENCIES 
ABOVE 500kHz CONNECT A 
5pF IN PARALLEL WITH R41 AND 
R42 


Figure 14. Resistor Values and Amplitude Response of Figure 12 
Topology. The Bandpass Filter is Centered Around 
2600Hz when Operating with a 130kHz Clock. 



0 1 2 3 4 5 6 7 8 9 10 


f|N (kHz) 


STANDARD 1% RESISTOR VALUES 

R11 =39.2k R21 = 1 0k 

R31 =13 7k R41 =39. 2k 

R h 1=20.5k R|1 =12. 4k 

R22 = 10k R32 = 26 7k 

R42 = 14k R h 2 = 32 4k 

R|2 = 11.8k R23 = 10k 

R33 = 100k 

NOTES: USE A lOpF ACROSS 
R42 FOR f C LK> 1MHz. 

THE ELLIPTIC LOWPASS FILTER 
HAS ONLY TWO NOTCHES IN THE 
STOPBAND, AND IT OPERATES 
WITH A CLOCK TO CUTOFF 
FREQUENCY RATIO OF 50:1 


Figure 15. Resistor Values and Amplitude Response of the Topology of Figure 12. 
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In Figure 16, all three sides of the LTC1061 are connected 
in Mode 3a. This topology is useful for elliptic highpass 
and notch filters with clock to cutoff (or notch) frequency 
ratio higher than 100:1. This is often required to extend the 
allowed input signal frequency range and to avoid prema- 
ture aliasing. Figure 16 is also a versatile, general purpose 
architecture providing 3 notches and 3 pole pairs, and 
there is no restriction on the location of the poles with re- 
spect to the notch frequencies. The drawbacks, when 


compared to Figure 12, are the use of an external op amp 
and the increased number of the required external resis- 
tors. Figure 17 shows the measured frequency of a 6th or- 
der highpass elliptic filter operating with 250:1 clock to 
cutoff frequency ratio. With a 1MHz clock, for instance, 
the filter yields a 4kHz cutoff frequency, thus allowing an 
input frequency range beyond 100kHz. Band limiting can 
be easily added by placing a capacitor across the feed- 
back resistor of the external op amp of Figure 16. 


R9 



Figure 16. Using an External Op Amp to Connect all 3 Sides of the LTC1061 in Mode 3a. 



0 0.5 1 1.5 2 2.5 


f IN (kHz) 


STANDARD 1% RESISTOR VALUES 


R1 1 = 105k 
R31 =47. 5k 
R h 1 = 10k 
R22= 32.4k 
R42= 52.3k 
R|2=750k 
R33=255k 
R h 3 = 1 0k 
R g = 140k 


R21=10k 
R41 =45. 3k 
R|1 =1.07M 
R32 = 28.7k 
R h 2=42.2k 
R23 = 10k 
R43= 63.4k 
R ,3 = 1 1 0k 


NOTE: FOR CLOCK FREQUENCIES BELOW 
500kHz, USE A CAPACITOR IN PARALLEL 
WITH R21 SUCH AS (1/27rR21C)=f C u</3 


Figure 17. Measured Amplitude Response of the Topology of Figure 16, Configured to Provide 
a 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency Ratio of 250:1. 
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Figure 18 shows the plotted amplitude responses of a 6th 
order notch filter operating again with a clock to center 
notch frequency ratio of 250:1 . The theoretical notch depth 
is 70dB and when the notch is centered at 1kHz its width is 
50Hz. Two small, noncritical capacitors were used across 
the R21 and R22 resistors of Figure 16, to bandlimit the 
first two highpass outputs such that the practical notch 
depth will approach the theoretical value. With these two 
fixed capacitors, the notch frequency can be swept within 
a 3:1 range. 

When the circuit of Figure 16 is used to realize lowpass el- 
liptic filters, a capacitor across R g raises the order of the 
filter and at the same time eliminates any small clock 


feedthrough. This is shown in Figure 19 where the ampli- 
tude response of the filter is plotted for 3 different cutoff 
frequencies. When the clock frequency equals or exceeds 
1MHz, the stopband notches lose their depth due to the fi- 
nite bandwidth of the internal op amps and to the small 
crosstalk between the different sides of the LTC1061. The 
lowpasss filter, however, does not lose its passband 
accuracy and it maintains nearly all of its attenuation 
slope. The theoretical performance of the 7th order low- 
pass filter of Figure 19 is 0.2dB passband ripple, 1.5:1 
stopband to cutoff frequency ratio, and 73dB stopband 
attenuation. Without any tuning, the obtained results 
closely approximate the textbook response. 



STANDARD 1% RESISTOR VALUES 


R1 1 = 84.5k 
R31 =31 6k 
R h 1 =48. 7k 
R22 = 10k 
R42— 97.6k 
R|2 = 66.5k 
R33=300k 
R h 3 = 10.2k 
R g = 210k 


NOTE: CONNECT 39pF AND lOOpF 
ACROSS R21 AND R22 RESPECTIVELY. 


R21= 10.2k 
R41 =63. 4k 
R|1 = 287k 
R32 = 232k 
R h 2 = 10.2k 
R23 = 20k 
R43 = 80.6k 
R,3= 63.4k 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2 0 
f IN (kHz) 


Figure 18. 6th Order Band Reject Filter Operating with a Clock to Center 
Notch Frequency Ratio of 250:1. The Ratio of OdB to the - 65dB Notch Width is 8:1. 
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STANDARD 1% RESISTOR VALUES 

R11 =30.9k R21 = 1 0k 

R3I = 16.2k R41 =26. 7k 

R h 1 =45. 3k R|1 =19 6k 

R22 = 10.5k R32 = 100k 

R42 = 10k R h 2 = 52 3k 

R|2 = 15.8k R23 = 10k 

R33 = 28 7k R43 = 12.7k 

R h 3 = 95 3k R|3 = 10k 

R g =28k 

NOTE: ADD A CAPACITOR C ACROSS R g 
TO CREATE A 7TH ORDER LOWPASS SUCH AS 
(1/2irR g C)=(CUTOFF FREQUENCY) x 0.38 


Figure 19. Frequency Responses of a 7th Order Lowpass 
Elliptic Filter Realized with Figure 16 Topology. 
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Mode 2 — This is a combination of Mode 1 and Mode 3, 
Figure 20. With Mode 2, the clock to center frequency 
ratio, fcLK/fo> is always less than 50:1 or 100:1. When com- 
pared to Mode 3 and for applications requiring 2nd order 
sections with fcLK/fo slightly less than 100 or 50:1, Mode 2 
provides less sensitivity to resistor tolerances. As in 
Mode 1, Mode 2 has a notch output which directly depends 
on the clock frequency and therefore the notch frequency 
is always less than the center frequency, f 0 , of the 2nd or- 
der section. Figure 21 shows the side A of the LTC1061 
connected in Mode 2 while sides B and C are in Mode 3a. 
This topology can be used to synthesize elliptic bandpass, 
highpass and notch filters. The elliptic highpass of 


R4 



h OBP= — R3/R1; H 0 ni((— 0)= ;Ho N2 (f- ,a f) = R2/R1 


Figure 17 is synthesized again, Figure 22, but the clock is 
now locked onto the higher frequency notch provided by 
the side A of the LTC1061. As shown in Figure 22, the high- 
pass corner frequency is 3.93kHz and the higher notch fre- 
quency is 3kHz while the filter operates with a 300kHz 
clock. The center frequencies, Q’s, and notches of 
Figure 22, when normalized to the highpass cutoff fre- 
quency, are (f 0 1 = 1.17, Q1 =2.24, f n 1 =0.242, f 0 2=1.96, 
Q2 = 0.7, f n 2 = 0.6, f 0 3= 0.987, f n 3 = 0.753, Q=10). When 
compared with the topology of Figure 16, this approach 
uses lower and more restricted clock frequencies. The 
obtained notch in Mode 2 is shallower; however, this 
topology is more efficient. 



Figure 20. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Figure 21. LTC1061 with Side A is Connected in Mode 2 while 
Lowpass. Sides B, C are in Mode 3a. Topology is Useful for Elliptic 

Highpass, Notch and Bandpass Filters. 



STANDARD 1% RESISTOR VALUES 


R11 =54. 9k 
R31= 34.8k 
R h 1=28.7k 
R22=68.1k 
R42 = 10k 
r,2 = 16.2k 
R33=75k 


R21= 24.3k 
R41 = 10k 
R|1=280k 
R32 = 18.2k 
R h 2 = 10.2k 
R23 = 1 0k 
R43 = 14k 


NOTE: FOR CLOCK FREQUENCIES 
ABOVE 300kHz ADD A CAPACITOR, C, 

ACROSS R21 AND R22 SUCH AS (1 /2ttR 21 C) =f CLK 


0123456789 10 

1 IN (kHz) 

Figure 22. 6th Order Elliptic Highpass Filter Operating with a Clock to Cutoff Frequency 
Ratio of 75:1, and Using the Topology of Figure 21. 
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LTC1061 


mODCS OF OP6RRTIOA 

Output Noise 


The wideband RMS noise of the LTC1061 outputs is 
nearly independent from the clock frequency. The 
LTC1061 noise when operating with ±2.5 V supply is 
lower, as Table 3 indicates. The noise at the bandpass and 
lowpass outputs increases roughly as the Vo! Also the 
noise increases when the clock to center frequency ratio 
is altered with external resistors to exceed the internally 
set 100:1 or 50:1 ratios. Under this condition, the noise in- 
creases square root-wise. 

Output Offsets 

The equivalent input offsets of the LTC1061 are shown in 
Figure 23. The DC offset at the filter bandpass output is al- 


ways equal to Vos 3 - The DC offsets at the remaining two 
outputs (Notch and LP) depend on the mode of operation 
and external resistor ratios. Table 4 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fcLK/fo) increases beyond 100:1. This is 
done by decreasing either the (R2/R4) or the R6/ 
(R5+R6) resistor ratios. 


Table 3. Wideband RMS Noise 


V. 

•dK 

1. 

Notch/HP 

0*Vrms) 

BP 

(mVrms) 

LP 

0* v rms) 

CONDITIONS 

±5V 

50:1 

45 

55 

70 

Model, R1 = R2 = R3 

+ 5V 

100:1 

65 

65 

85 

Q = 1 

±2.5V 

50:1 

30 

30 

45 


±2.5V 

100:1 

40 

40 

60 


±5V 

50:1 

18 

150 

150 

Mode1,Q = 10 

±5V 

100:1 

20 

200 

200 

R1 = R3forBPout 

±2.5V 

50:1 

15 

100 

100 

R1 = R2forLPout 

±2.5V 

100:1 

17 

140 

140 


±5V 

50:1 

57 

57 

62 

Mode 3, R1 = R2=R3 = R4 

±5V 

100:1 

72 

72 

80 

Q=1 

±2.5V 

50:1 

40 

40 

42 


±2.5V 

100:1 

50 

50 

53 


±5 V 

50:1 

135 

120 

140 

Mode 3, R2=R4, Q = 10 

±5V 

100:1 

170 

160 

185 

R3=R1 for BP out 

±2.5V 

50:1 

100 

88 

100 

R4=R1 for LP and HP out 

±2.5V 

100:1 

125 

115 

130 



( 12 , 18 ) ( 13 , 19 ) ( 14 , 20 ) 



XTms* 


a 

Figure 23. Equivalent input Offsets of 1/3 LTC1061 Filter Building Block. 
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LTC 1061 


mODCSOF OP€RfJTIOn 


Mode 

V OSN 

Pin 3 (18) 

V 0SBP 

Pin 2 (19) 

S 

> i 

CL. 

1 

VosiKI/Q) + 1 + IHqlpI] - Vqgs/O 

V 0S3 

V OSN“VoS 2 

1b 

V 0S i[(1/Q) + 1 + R2/R1] - 

V 0S3 

~(Vosn-Vos 2 )(1 + R5/R6) 

2 

[V 0 si(1 + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] X 

X [R4/(R2 + R4)] + V OS2 [R2/(R2 + R4)] 

V OS3 

VoSN“VoS2 

3 

Vqs2 

V OS3 

1 

-MS 


PACKRG6 D€SCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 

J20 Package Ceramic DIP 



^jmax 

0 ,a 

125°C 

100°C/W 


N20 Package Molded DIP 




1 040 



(26 416) 

MAX 

ran nsn run rrn run run nri rm nn rm 

t 

0 250*0 010 
(6 350*0 254) 

) 

mmmLiJLiJLeJlJJlJJLlJLjoJ 


Tjmax 

100°C 


100°C/W 
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LTC1061CS 


rrumm 

JKktmf TECHNOLOGY 


F€ATUR€S 

■ Up to 6th Order Filter Functions with a Single 20 Pin 

Surface Mount Package 

■ Center Frequency Range up to 35kHz 

■ f 0 xQ Product Up to 1 MHz 

■ Guaranteed Center Frequency and Q Accuracy Over 

Temperature 

■ Guaranteed Low Offset Voltages Over Temperature 

■ 90dB Dynamic Range 

■ Filter Operates From Single 4.7V Supply and Up to 

±8V Supplies 

■ Low Power 

■ Clock Inputs T 2 L and CMOS Compatible 

APPLICATORS 

■ High Order, Wide Frequency Range Bandpass, 

Lowpass, Notch Filters 

■ Low Power Consumption, Single 5V Supply Clock 

Tunable Filters 

■ Tracking Filters 


High Performance Triple 
Universal Filter Building Block 

D6SCRIPTIOR 

The LTC1061 consists of three high performance, univer- 
sal filter building blocks. Each filter building block to- 
gether with an external clock and 2 to 5 resistors can pro- 
duce various second order functions which are available 
at its three output pins. Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or allpass. The center 
frequency of these functions can be tuned from 0.1Hz to 
35kHz and is dependent on an external clock or an ex- 
ternal clock and a resistor ratio. 

The LTC1061 can be used with single or dual supplies 
ranging from ± 2.37V to ±8 V (or 4.74V to 16V). When the 
filter operates with supplies of ± 5V and above, it can han- 
dle input frequencies up to 100kHz. 

The LTC1061 is compatible with the LTC1059 single uni- 
versal filter and the LTC1060 dual. Higher than 6th order 
functions can be obtained by cascading the LTC1061 with 
the LTC1059 or LTC1060. Any classical filter realization 
(such as Butterworth, Cauer, Bessel and Chebyshev) can 
be obtained by the appropriate choice of the external 
resistors. 

The LTC1061 is manufactured by using Linear Technol- 
ogy’s enhanced LTCMOS™ silicon gate process. 

LTCMOS™ is a trademark of Linear Technology Corp. 


TYPICAL APPLICATOR Amplitude Response 



6th Order, Clock Tunable, 0.5dB Ripple Chebyshev BP Filter 



umm 
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LTC1061CS 


absolute mnximum ratirgs 


Supply Voltage 18V 

Operating Temperature Range -40 °C<Ta<85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, lOsec) 300°C 


PACKAG€/ORD€R IRFORfflATlOA 



€l€CTRICAl CHARACTERISTICS 

(Complete Filter) Vs = ± 5V, Ta = 25°C, T 2 L clock input level, unless otherwise specified 


PARAMETER 

CONDITIONS | 

MIN TYP MAX 

UNITS 

Center Frequency Range, f 0 

f 0 x Q< 175kHz, Mode 1, V s =± 7.5V 


0.1 -35k 

Hz 


f 0 xQ<1.6MHz, Model, V s = ±7.5V 


0.1 -25k 

Hz 


f 0 x Q < 75kHz, Mode 3, V s = ± 7.5V 


0.1 -25k 

Hz 


f 0 xQ<1MHz, Mode3, V s = ±7.5V 


0.1-17k 

Hz 


(Note 1) 




Input Frequency Range 



0-200k 

Hz 

Clock to Center Frequency Ratio, f CLK /f 0 

Sides A, B: Mode 1, R1 = R3 = 50k0 




(Note 1) 

R2 = 5kfi,Q = 10, f CL K= 250kHz 

• 

50 + 1.2% 



Pin 7 High. 





SideC: Mode 3, R1 = R3 = 50k 





R2 = R4 = 5k, f CL K = 250kHz 





Same as Above but Pin 7 at 





Mid-Supplies, f C LK = 500kHz 

• 

100 ±1.2% 


Clock to Center Frequency Ratio, 


• 

1.2% 


Side to Side Matching 





Q Accuracy (Note 1) 

Sides A, B, Model! 50:1 or 100:1 

• 

±3 5 

% 


SideC, Mode 3 ) f o = 5kHz,Q = 10 




f 0 Temperature Coefficient 

Model, 50:1, f CLK <300kHz 


±1 

ppm/°C 

Q Temperature Coefficient 

Model, 100:1, f CL K<500kHz 


±5 

ppm/°C 


Mode 3, f C LK< 500kHz 


±5 

ppm/°C 
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LTC1061CS 


ELECTRICAL CHARACTERISTICS 

(Complete Filter) V$ = ± 5V, Ta = 25°C, T 2 L clock input level, unless otherwise specified 


PARAMETER 


CONDITIONS 


MIN 

TYP 

MAX 

UNITS 


2 

15 

mV 


3 

25 

mV 


6 

50 

mV 


3 

25 

mV 


6 

50 

mV 


0.4 


mV RMS 


2.5 


MHz 

6 

8 

12 

mA 



1® i 

mA 


DC Offset Voltage (Note 2) 


V 0S1 


V 0S2 

f CLK = 250kHz, 50:1 

V 0S2 

f CL K= 500kHz, 100:1 

V OS3 

f CL K = 250kHz, 50:1 

V OS3 

f CL K= 500kHz, 100:1 

Clock Feedthrough 

f C LK<1MHz 

Max. Clock Frequency 

Mode1,Q<5, V s > ± 

Power Supply Current 



ELECTRICAL CHARACTERISTICS (Complete Filter) Vs = ± 2.37V, Ta = 25°C unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

UNITS 

Center Frequency Range, f 0 

f o xQ<120kHz, Model, 50:1 

0.1-12k 


Hz 


f 0 xQ< 120kHz, Mode 3, 50:1 

0.1-10k 


Hz 

Input Frequency Range 


| 0-20k | 

Hz 

Clock to Center Frequency Ratio 

50:1, f CL K = 250kHz, Q = 10 

Sides A, B: Mode 1 

Side C: Mode 3 

50 ± 1 % 




1 00: 1 , f CL K = 500kHz, Q = 1 0 

Sides A, B: Mode 1 

Side C: Mode 3 

100 + 1% 



Q Accuracy 

Same as Above, 100:1 or 50:1 

1 ±3 I 

% 

Max. Clock Frequency 


700k 


Hz 

Power Supply Current 


4.5 

6 

mA 


ELECTRICAL CHARACTERISTICS (Internal Op Amps) Ta = 25°C unless otherwise specified 


PARAMETER 

| CONDITIONS | 

MIN TYP MAX 

UNITS 

Supply Voltage Range 



±2.37 ±9 

V 

Voltage Swings 

V s = ±5V, R L = 5k (Pins 1, 2, 13, 14, 19, 20) 

R L = 3.5k (Pins 3, 12, 18) 

• 

±3.8 ±4.2 

±3.6 

V 

V 

Output Short Circuit Current 
Source/Sink 

V S =±5V 


40/3 

mA 

DC Open Loop Gain 

V S =±5V, R L =5k 


80 

dB 

GBW Product 

V s = ±5V 


3 

MHz 

Slew Rate 

V s =±5 V 


7 

V/^s 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: An LTC1061S with improved Q and clock to center frequency ratio 
accuracy can be made available upon special request. 


Note 2: For definition of the DC offset voltages refer to the LTC1061 data 
sheet. An LTC1061S with improved DC offset specifications can be made 
available upon special request. 


xrutrn 
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LTC1062 


5th Order Low Pass Filter 


F€ATUR€S 

■ Lowpass Filter with No DC Error 

■ Low Passband Noise 

■ Operates DC to 20kHz 

■ Operates on a Single 5V Supply or Up to ±8 V 

■ 5th Order Filter 

■ Maximally Flat Response 

■ Internal or External Clock 

■ Cascadable for Faster Rolloff 

■ Buffer Available 

■ 8 Pin DIP Package 


APPUCATIOAS 

■ 60Hz Lowpass Filters 

■ Anti-Aliasing Filter 

■ Low Level Filtering 

■ Rolling Off AC Signals from High DC Voltages 

■ Digital Voltmeters 

■ Scales 

■ Strain Gauges 


DCSCRIPTIOn 

The LTC1062 is a 5th order all pole maximally flat lowpass 
filter with no DC error. Its unusual architecture puts the fil- 
ter outside the DC path so DC offset and low frequency 
noise problems are eliminated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 

The filter input and output are simultaneously taken 
across an external resistor. The LTC1062 is coupled to the 
signal through an external capacitor. This R,C reacts with 
the internal switched capacitor network to form a 5th or- 
der rolloff at the output. 

The filter cutoff frequency is set by an internal clock which 
can be externally driven. The clock to cutoff frequency ra- 
tio is typically 100:1, allowing the clock ripple to be easily 
removed. 

Two LTC1062S can be cascaded to form a 10th order quasi 
max flat lowpass filter. The device can be operated with 
single or dual supplies ranging from ± 2.5V to +9V. 

The LTC1062 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 

LTCMOS™ is a trademark of Linear Technology Carp. 


TYPICAL APPLICATIOA 

10Hz 5th Order Butterworth Lowpass Filter 



NOTE: TO ADJUST OSCILLATOR FREQUENCY, 
USE A 6800pF CAPACITOR IN SERIES 
WITH A 50 K POT FROM PIN 5 TO GROUND. 


Filter Amplitude Response and Noise 



1 10 100 
INPUT FREQUENCY (Hz) 


XTIH2® 
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LTC1062 


absolute maximum ratiags 

Total Supply Voltage (V + to V - ) 18V 

Input Voltage at Any Pin V _ -0.3 V<Vin^V + +0.3V 

Operating Temperature Range 

LTC1062M -55°C<T A <125°C 

LTC1062C -40°C<T A <85°C 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature Range (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER lAFORfllATIOn 



TOP VIEW 


ORDER 

PART NUMBER 

FB [7 

agnd[7 

v-[T 

DIVIDER rr 
RATIO 


3 B 0UT 

7] OUT 

7) v+ 

H Cose 

LTC1062 

LTC1062MJ8 

LTC1062CJ8 

J8 PACKAGE N8 PACKAGE 

HERMETIC DIP PLASTIC DIP 

LTC1062CN8 


ELECTRICAL CHARACTERISTICS 


Test Conditions: V + = + 5V, V” = - 5V, Ta = 25°C unless otherwise specified, AC output measured at pin 7, Figure 1 


PARAMETER 

CONDITIONS j 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current 

Cose (Pin 5 to V ~ ) = 100 pF 



4.5 

7 

mA 



• 



10 

mA 

Input Frequency Range 




0-20k 


Hz 

Filter Gain at f| N =0 

fdK= 100kHz, Pin 4 at V + 



0 


dB 

f, N = 0.5f c (Note 1) 

C = 0.01 mF,R = 25.78k 



-0.02 

-0.3 

dB 

f|N = fc 


• 

-2 

-3 


dB 

f|N = 2fc 


• 

-28 

-30 


dB 

f| N = 4fc 


• 

-54 

-60 


dB 

Clock to Cutoff Frequency Ratio, fcLK^c 

Same as above 



100 ±1 


% 

Filter Gain at f, N = 16kHz 

fdK= 400kHz, Pin 4 at V + 

C = 0.01 /iF, R = 6.5k 

• 

-45 

-52 


dB 

WfcTempco 

Same as above 



10 


ppm/°C 

Filter Output (Pin 7) DC Swing 

Pin 7 bufffered with an external op amp 

• 

±3.5 

±3.8 


V 

Clock Feedthrough 




i 


mVp-p 


Internal Buffer 


Bias Current 




2 

50 

PA 

Bias Current 


• 


170 

1000 

pA 

Offset Voltage 




2 

20 

mV 

Voltage Swing 

II 

I 

CC 

• 

±3.5 

±3.8 


V 

Short Circuit Current Source/Sink 




40/3 


mA 


Clock (Note 3) 


Internal Oscillator Frequency 

C 0 sc (Pin 5 to V ~ )= 1 0OpF 
C OS c(Pin5toV-) = 100pF 

• 

25 

15 

32 

50 

65 

kHz 

kHz 

Max Clock Frequency 




4 


MHz 

Pin 5 Source or Sink Current 


• 


40 

80 

nA 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: fc is the frequency where the gain is — 3dB with respect to the in- 
put signal. 


Note 2: The LTC1062M operates from -55°C<T A <125°C, the LTC1062C 
operates from -40°C<T A <85°C. 

Note 3: The external or driven clock frequency is divided by either 1, 2, or 4 
depending upon the voltage at pin 4. When pin 4 = V + , ratio = 1; when 
pin 4 = GND, ratio = 2; when pin 4 = V" , ratio = 4. 
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LTC1062 


BLOCK DIAGRflm 



BY CONNECTING PIN 4 TO V + , AGND, OR 
V- THE OUTPUT FREQUENCY OF THE IN- 
TERNAL CLOCK GENERATOR IS THE OSCIL- 
LATOR FREQUENCY DIVIDED BY 1,2,4. THE 
(tCLK/tc) RATIO OF 100:1 IS WITH RESPECT 
TO THE INTERNAL CLOCK GENERATOR OUT- 
PUT FREQUENCY. PIN 5 CAN BE DRIVEN 
WITH AN EXTERNAL CMOS LEVEL CLOCK. 
THE LTC1062 CAN ALSO BE SELF-CLOCKED 
BY CONNECTING AN EXTERNAL CAPACITOR 
(Cose) TO GROUND (OR TO V~ IF C 0S C IS 
POLARIZED). UNDER THIS CONDITION AND 
WITH ±5V SUPPLIES, THE INTERNAL OS- 
CILLATOR FREQUENCY IS: 
f OSC — 1 40kHz [33pF / (33pF + C QS0 ) ] • 


For Adjusting Oscillator Frequency, Insert a 50K Pot in Series with Cose- Use Two Times Calculated Cose- 



MEASURED 

OUTPUT 

FOR BEST MAX. FLAT APPROXIMATION, 

THE INPUT R,C SHOULD BE SUCH AS: 

1 _ fCLK v-JL 

2irRC 100 1 63 ■ 

A 0 5K RESISTOR, R ' , SHOULD BE USED IF 
THE BIPOLAR EXTERNAL CLOCK IS APPLIED 
BEFORE THE POWER SUPPLIES TURN ON. 



TYPICAL P€AFORmnnC€ CHARACTERISTICS 


Amplitude Response Normalized to 
the Cutoff Frequency 



Amplitude Response Normalized to 
the Cutoff Frequency 

o 

-10 
-20 
-30 
_-40 

CO 

“ -50 


-80 
-90 
-100 

0.1 1 2 3 4 56 8 10 

f|N/fc 


! — p-, 

V s = ±2.5V 
"T a =25°C 
- 1 fc 



"\ 





T 



\ 





7 

2ttRC 


1.6 

2 


\ 







■ 

1 

i 

III 

IIM 


1 

1 

II 



fn-fi 

Whir' f 

LK = 500k 

Hz\ 







L ' 




1 

= Z.DKHZ, ICLK = ^ UKHZ 
,1 III .III, 

3 




■ 

■ 


c- 

L 

iKnz, i C LK 

LLLI 1 L _ J 



1 


i 

■ 

1 

1 

J 

III 1 1 


8 


■ 

■ 

1 

1 

i 

- iuuiu., lumit 

(II 1 ^ 1 1 JJ 



1 

1 

III 

tic- iunz, iclk- 

iu i jj ii in 


Passband Gain vs Input Frequency 



0.1 0.2 0.3 0.4-0. 5 0.6 0.8 1 


1|N/fc 
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LTC1062 


TYPICAL PCAFORmnnCC CHARACTERISTICS 


Passband Gain vs Input Frequency 



0.1 0.2 0.3 0.4 0.5 0.6 0.8 1.0 


f|N /f C 


Passband Phase Shift vs Input 
Frequency 



0.1 0.2 0.3 0.4 0.5 0.6 0.8 1 

Wfc 


Filter Noise Spectral Density 



0.1 1 • 10 100 Ik 10k 

CUTOFF FREQUENCY (Hz) 


Normalized Oscillator Frequency, 
lose vs Supply Voltage 



4 6 8 10 12 14 16 18 20 

V SUPPLY (V) 


Oscillator Frequency, fosc vs 
Ambient Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Power Supply Current vs Power 
Supply Voltage 



4 6 8 10 12 14 16 18 20 

POWER SUPPLY VOLTAGE (V) 


RPPUCATIOnS lAFORmATIOn 

Filter Input Voltage Range 

Every node of the LTC1062 typically swings within IV of 
either voltage supply, positive or negative. With the appro- 
priate external (R,C) values, the amplitude response of all 
the internal or external nodes does not exceed a gain of 
0 dB with the exception of pin 1. The amplitude response 
of the feedback node (pin 1) is shown in Figure 2. For an in- 
put frequency around 0.8 xfc, the gain is 1.7 V/V and, with 


±5V supplies, the peak-to-peak input voltage should not 
exceed 4.7V. If the input voltage goes beyond this value, 
clipping and distortion of the output waveform occur, but 
the filter will not get damaged nor will it oscillate. Also, 
the absolute maximum input voltage should not exceed 
the power supplies. 
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LTC1062 


APPLICATION MFOflmATIOn 



0 1 0 2 0 3 0.5 1 10 

Wfe 


Figure 2. Amplitude Response of Pin 1 


Internal Buffer 

The internal buffer out (pin 8) and pin 1 are part of the 
signal AC path. Excessive capacitive loading will cause 
gain errors in the passband, especially around the cutoff 
frequency. The internal buffer gain at DC is typically 
0.006dB. The internal buffer output can be used as a filter 
output, however it has a few millivolts of DC offset. The 
temperature coefficient of the internal buffer is typically 
1fiV/°C. 


Filter Attenuation 

The LTC1062 rolloff is typically 30dB/octave. When the 
clock, and the cutoff frequencies increase, the filter’s 
maximum attenuation decreases. This is shown in the 
Typical Performance Characteristics. The decrease of the 
maximum attenuation, is due to the roll off at higher fre- 
quencies of the loop gains of the various internal feedback 
paths and not to the increase of the noise floor. For in- 
stance, for a 100kHz clock and 1kHz cutoff frequency, the 
maximum attenuation is about 64dB. A 4kHz, IVrms input 
signal will be predictably attenuated by 60dB at the 
output. A 6kHz, IVrms input signal will be attenuated by 
64dB and not by 77dB as an ideal 5th order maximum flat 
filter would have dictated. The LTC1062 output at 6kHz will 
be about 630fiVrms. The measured rms noise from DC to 
17kHz was 100/jVrms which is 16dB below the filter output. 


Cose. Pin 5 

The Cose, pin 5, can be used with an external capacitor, 
Cose, connected from pin 5 to ground. If Cose is polarized 
it should be connected from pin 5 to the negative supply, 
pin 3. Cose lowers the internal oscillator frequency. If pin 5 
is floating, an internal 33pF capacitor plus the external 
interpin capacitance set the oscillator frequency around 
140kHz with +5V supply. An external Cose will bring the 
oscillator frequency down by the ratio (33pF)/(33pF + 
Cosc)- The typical performance characteristics curves pro- 
vide the necessary information to get the internal oscilla- 
tor frequency for various power supply ranges. Pin 5 can 
also be driven with an external CMOS clock to override the 
internal oscillator. Although standard 7400 series CMOS 
gates do not guarantee CMOS levels with the current 
source and sink requirements of pin 5, they will, in reality, 
drive the Cose pin. CMOS gates conforming to standard B 
series output drive have the appropriate voltage levels and 
more than enough output current to simultaneously drive 
several LTC1062 Cose pins. The typical trip levels of the in- 
ternal Schmitt trigger which input is pin 5, are given below. 


V SUPPLY 

V|h + 

v,h- 

±2.5V 

+ 0.9V 

-IV 

±5V 

+ 1.3V 

-2.1V 

±6V 

+ 1.7V 

-2.5V 

±7V 

+ 1.75V 

-2.9V 






LTC1062 


flppucOTions inFonmnnon 

Divide By 1,2, 4 (Pin 4) 

By connecting pin 4 to V + , to mid supplies or to V - , the 
clock frequency driving the internal switched capacitor 
network is the oscillator frequency divided by 1, 2, 4, 
respectively. Note that the fcLK/fc ratio of 100:1 is with 
respect to the internal clock generator output frequency. 
The internal divider is useful for applications where octave 
tuning is required. The + 2 threshold is typically ± IV from 
the mid supply voltage. 

Transient Response 

Figure 3 shows the LTC1062 response to a IV input step. 


Filter Noise 

The filter wideband rms noise is typically 100/tVrms for 
± 5V supply and it is nearly independent from the value of 
the cutoff frequency. For single 5V supply the rms noise is 
80/iVrms. Sixty-two percent of the wideband noise is in the 
passband, that is from DC to fc- The noise spectral 
density, unlike conventional active filters, is nearly zero 
for frequencies below 0.1 x fc- This is shown in the typical 
performance characteristics section. Table 1 shows the 
LTC1062 rms noise for different noise bandwidths. 



200mV/VERT DIV 
50ms/H0RIZ DIV, f c = 10Hz 
5ms/HORIZ DIV, f c = 100Hz 
0.5ms/H0RIZ DIV, f c =1kHz 

1 _ fc 

2irRC 1.62 




1 - fc 

?7rRC 2.11 


Figure 3. Step Response to a IV Peak input Step 


Table 1 


NOISE BW 

rms NOISE 

V S =±5V 

DC-0.1 xf c 

2pV 

DC - 0.25 X f c 

oo 

DC -0.5 Xf c 

20/iV 

0 

X 

1 

o 

o 

62/iV 

DC - 2 X f c 

100/iV 
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LTC1062 


TYPICAL APPLICATION 


AC Coupling an External CMOS Clock Powered from a 
Single Positive Supply, V+ 



JIT E 


V + 
0 


Adding an External (R1 , Cl) to Eliminate the Clock 
Feedthrough and to Improve the High Frequency Attenuation 
Floor 



Filtering AC Signals from High DC Voltages 


R 

25 8k 

V, N >^WVp - » ■ ' f »DC OUTPUT 


VjW 

HIGH DC INPUT = 100V 

I 


C -J_C 



EX fcLK=100kHz, fc= 1 kHz. THE FILTER 
ACCURATELY PASSES THE HIGH DC INPUT 
AND ACTS AS 5th ORDER LP FILTER FOR THE 
AC SIGNALS RIDING ON THE DC. THE AMPLI- 
TUDE RESPONSE IN THE PASSBAND IS 
SHOWN BELOW. 


XTUPS5B 
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LTC1062 


TVPICRl APPUCATIOnS 


Simple Cascading Technique 



0.5dB PASSBAND ERROR, OdB DC GAIN 
MAXIMUM ATTENUATION IIOdB (f CLK = 10kHz) 
lOOdB (f CLK =1kHz) 
95dB (f C LK=1MHz) 


DC ACCURATE 
OUTPUT 


100Hz, 50Hz, 25Hz 5th Order DC Accurate LP Filter 


25.8k 




/TLinCAB 
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LTC1062 


TYPICAL APPUCATlOnS 

7th Order 100Hz Lowpass Filter with Continuous Output Filtering, Output Buffering and Gain Adjustment 


R3 R4 



THE LTC1052 IS CONNECTED AS A 2nd ORDER 
SALLEN AND KEY LOWPASS FILTER WITH A 
CUTOFF FREQUENCY EQUAL TO THE LTC1062. 
THE ADDITIONAL FILTERING ELIMINATES ANY 
10kHz CLOCK FEED THROUGH PLUS DECREASES 
THE WIDEBAND NOISE OF THE FILTER. 

DC OUTPUT OFFSET (REFERRED TO A DC GAIN OF 
UNITY) = 5|diV MAX. 

WIDEBAND NOISE (REFERRED TO A DC GAIN OF 
UNITY) =60/*Vrms 


OUTPUT FILTER COMPONENT VALUES 


DC GAIN 

R3 

R4 

R1 

R2 

Cl 

C2 

1 

oo 

0 

14.3k 

53.6k 

0.1/xF 

0.033/xF 

10 

3.57k 

32.4k 

46k 

274k 

O.OVF 

0.02/iF 


Single 5V Supply 5th Order LP Filter 


R 



DC ACCURATE OUTPUT 
C 


FOR A 10Hz FILTER R = 29.4k, C = VF, f C LK=1kHz 


THE FILTER IS MAXIMALLY FLAT FOR 


1 _ f C 

2ttRC ~ 1.84 
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LTC1062 


TYPICAL flPPUCATIOnS 


A Lowpass Filter with a 60Hz Notch 


C7 

O.VF 



friK 

Frequency Response of the Above Lowpass Filter with the Notch fhiOTCH = 



1 10 60100 Ik 

f IN (Hz) 


A Low Frequency, 5Hz Filter using Back-to-Back Solid Tantalum Capacitors 



XTIBSSB 
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LTC1062 


PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J8 Package 
8 Lead Hermetic DIP 



N8 Package 
8 Lead Plastic 
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TECHNOLOGY 


LTC1062CS 

5th Order Low Pass Filter 


F€ATUR€S 

■ Lowpass Filter with No DC Error 

■ Low Passband Noise 

■ Operates DC to 20kHz 

■ Operates on a Single 5 V Supply or Up to ± 8 V 

■ 5th Order Filter 

* Maximally Flat Response 

■ Internal or External Clock 

■ Cascadable for Faster Rolloff 

■ Buffer Available 


APPLICATION 

■ 60Hz Lowpass Filters 

■ Anti-Aliasing Filter 

■ Low Level Filtering 

■ Rolling Off AC Signals from High DC Voltages 

■ Digital Voltmeters 

■ Scales 

■ Strain Gauges 


DCSCRIPTIOA 

The LTC1062 is a 5th order all pole maximally flat lowpass 
filter with no DC error. Its unusual architecture puts the fil- 
ter outside the DC path so DC offset and low frequency 
noise problems are eliminated. This makes the LTC1062 
very useful for lowpass filters where DC accuracy is 
important. 

The filter input and output are simultaneously taken 
across an external resistor. The LTC1062 is coupled to the 
signal through an external capacitor. This R,C reacts with 
the internal switched capacitor network to form a 5th or- 
der rolloff at the output. 

The filter cutoff frequency is set by an internal clock which 
can be externally driven. The clock to cutoff frequency ra- 
tio is typically 100:1, allowing the clock ripple to be easily 
removed. 

Two LTC1062s can be cascaded to form a 10th order quasi 
max flat lowpass filter. The device can be operated with 
single or dual supplies ranging from + 2.5V to ±9V. 


The LTC1062 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 

LTCMOS™ is a trademark of Linear Technology Corp. 




Jk./ TECHNOLOGY 
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LTC1062CS 


ABSOLUTE fflAXimum RATIAGS 

Total Supply Voltage (V+ to V~) 18V 

Input Voltage at Any Pin V “ - 0.3V < Vin < V + + 0.3V 

Operating Temperature Range -40 °C<Ta<85°C 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature Range (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IRFORfflATIOR 


NC [7 
NC |T 
FB |T 
AGND |T 

v-E 

DIVIDER rr 
RATIO L— 

TOP VIEW 


ORDER 

PART NUMBER 



16) NC 

Ts) NC 

13 B OU1 

23 OUT 

JD v+ 

j3 Cose 


LTC1062 

LTC1062CS 



PART MARKING 

NC [7 

NC [? 

j 

J 


To) NC 

9] NC 

LTC1062CS 


SI 6 PACKAGE 
PLASTIC SOL 




ELECTRICAL CHARACTERISTICS 

Test Conditions: V + = + 5V, V" = - 5Y, Ta = 25°C unless otherwise specified, AC output measured at pin 7 


PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Current 

C 0S c (Pin 5 to V~) = 100 pF 

9 


4.5 

7 

mA 






10 

mA 

Input Frequency Range 



| 0-20k | 

Hz 

Filter Gain at f| N = 0 

f clk = 1 00kHz, Pi n 4 at V + 



0 


dB 

f 1N = 0.5f c (Note 1) 

C = 0.0tyF,R = 25.78k 



-0.02 

-0.3 

dB 

f|N = f C 


• 

-2 

-3 


dB 

f|N = 2f C 


• 

-28 

-30 


dB 

t|N = 4f C 


• 

-54 

-60 


dB 

Clock to Cutoff Frequency Ratio, fcLK^c 

Same as above 


1 100 ±1 | 

% 

Filter Gain at f| N = 16kHz 

f clk = 400kHz, Pi n 4 at V ■*■ 

• 

-46 

-52 


dB 


C=0.0tyF,R=6.5k 






WfcTempco 

Same as above 


| 10 | 

ppm/°C 

Filter Output (Pin 7) DC Swing 

Pin 7 bufffered with an external op amp 

• 

! ±3.5 

±3.8 


V 

Clock Feedthrough 


i 

j 10 | 

mVp-p 

Internal Buffer 

Bias Current 




2 

50 

pA 

Bias Current 


• 


170 

1000 

pA 

Offset Voltage 




2 

20 

mV 

Voltage Swing 

R1 = 20kfi 

• 

±3.5 

±3.8 


V 

Short Circuit Current Source/Sink 



| 40/3 j 

mA 

Clock (Note 3) 

Internal Oscillator Frequency 

C 0S c (Pin 5 to V “ ) = 1 0OpF 


25 

32 

50 

kHz 


C 0SC (Pin 5 to V ~ ) = 1 0OpF 

• 

15 


65 

kHz 

Max Clock Frequency 



r 4 

MHz 

Pin 5 Source or Sink Current 


• 


40 

80 

fA 


The • denotes the specifications which apply over the full operating tem- Note 2: The LTC1062C operates from -40°C<T A <85°C. 
pefature range. Note & The external or driven clock frequency is divided by either 1 , 2, or 4 

Note 1: fc is the frequency where the gain is - 3dB with respect to the in- depending upon the voltage at pin 4. When pin 4 = V + , ratio = 1; when 

put signal. pin 4 = GND, ratio = 2; when pin 4 = V , ratio = 4. 
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TECHNOLOGY 


F€ATUR€S 

■ 4 Filters in a 0.3" Wide Package 

■ 1/2 the Noise of the LTC1059, 60, 61 Devices 

■ 140kHz Maximum Center Frequency 

■ 7MHz Maximum Clock Frequency 

■ Clock to Center Frequency Ratio of 50:1 and 100:1 
Simultaneously Available 

■ Operates from ± 2.37V to ±8V Power Supplies 

■ Low Offsets 

■ Low Harmonic Distortion 

■ Customized Version with Internal Resistors Available 


APPUCATIOnS 

■ Antialiasing Filters 

■ Wide Frequency Range Tracking Filters 

■ Spectral Analysis 

■ Loop Filters 


Low Noise, Fast, Quad Universal 
Filter Building Block 

DCSCRIPTIOA 

The LTC1064 consists of four high speed, low noise 
switched capacitor filter building blocks. Each filter build- 
ing block, together with an external clock and 3 to 5 resis- 
tors can provide various 2nd order functions like low pass, 
high pass, bandpass and notch. The center frequency of 
each 2nd order function can be tuned with an external 
clock, or a clock and a resistor ratio. For Q<5, the center 
frequency range is from 0.1Hz to 100kHz. For Q<3, the 
center frequency range can be extended to 140kHz. Up to 
8th order filters can be realized by cascading all four 2nd 
order sections. Any classical filter realization (such as 
Butterworth, Cauer, Bessel and Chebyshev) can be 
formed. 

A customized monolithic version of the LTC1064 including 
internal thin film resistors can be obtained for high volume 
applications. Consult LTC marketing for details. 

The LTC1064 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 


TYPICAL APPIICATIOA 

Clock Tunable 8th Order Cauer Low Pass Filter with fcuTOFF up to 1 00kHz 


13k 



FOR f CL K = 5MHz, ADD Cl =10pF BETWEEN PINS 4, 1 
C2 = 10pF BETWEEN PINS 21, 24 
C3 = 27pF BETWEEN PINS 9, 12 
WIDEBAND NOISE = 140 /A/ rms 


Gain vs Frequency 



XTUOSSf! 
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LTC1064 


absolute mnximum ratiags 


Total Supply Voltage (V + to V - ) 18V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1064AM, LTC1064M -55°Cto125°C 

LTC1064AC, LTC1064C -40°Cto85°C 


Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300 Q C 


PRCKRGE/ORDER IRFORfflRTIOR 


INVB [7 
HPB/NB [7 


INVA El] 


J PACKAGE 
24 -LEAD CERAMIC C 


N PACKAGE 
24 -LEAD PLASTIC DIP 


ORDER PART 


— CJ— 

24 ] INVC 

NUMBER 

INVB [7 




23 | HPC/NC 


HPB/NB [7 



.LTC 1064 

HI BPC 

2 l] LPC 

20 | SC 

HI V- 
H| CLK 

H| 50/100 

HI LPD 

LTC1 064AM J 
LTC1064MJ 
LTC1064ACJ 
LTC1064CJ 
LTC1064ACN 
LTC1064CN 

BPB 

LPB [7 

SB [7 

AGND [7 
V + [7 
SA [7 
LPA [7 


LTC 1064 


HI BPD 


BPA [H 




HI hpd 


HPA/NA [Tl 




H| INVD 


INVA |H 




m HPC/NC 
HI BPC 
7 ] LPC 
m SC 


SO PACKAGE 
24 -LEAD PLASTIC SOIC 


ORDER PART 
NUMBER 


LTC1064CS 


ElECTRICRl CHARACTERISTICS 

(Internal Op Amps) Ta = 25°C, unless otherwise specified. 


PARAMETER 

i CONDITIONS ! 

MIN TYP MAX 

UNITS 

Operating Supply Voltage Range 



±2.37 ±8 

V 

Voltage Swings 

V s =±5V,R L = 5kfi 

• 

±3.3 ±3.6 

±3.2 

V 

V 

Output Short Circuit Current (Source/Sink) 

V S =±5V 

I 

3 

mA 

DC Open Loop Gain 

V s = ±5V, R L =5kfl 

i 

80 

dB 

GBW Product 

V S =±5V 


7 

MHz 

Slew Rate 

V S =±5V 


10 

V/ M s 
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LTC1064 


€l€CTRICfll CHARACTERISTICS 

(Complete Filter) Vs = ± 5V, Ta = 25°C, TTL clock input level, unless otherwise specified. 


PARAMETER 

| CONDITIONS 

MIN TYP MAX 

UNITS 

Center Frequency Range, f 0 

V s = ±8V, Q<3 


0.1-140 

kHz 

Input Frequency Range 



0-1 

MHz 

Clock to Center Frequency LTC1064A (Note 1) 

Sides A, B,C: Model, 


50 ±0.3 

% 

Ratio, f CLK /f 0 LTC1064 

R1 = R3 = 50k0, R2 = 5kfi, Q = 10, 

• 

50 ±0.8 

% 


f C LK=1MHz, f 0 = 20kHz, Pin 17 High 





Side D: Mode 3, R1 = R3 = 50kfl, 

• 

50 ±0.9 

% 


R2 = R4 = 5kU 




LTC1064A (Note 1) 

Same as above, Pin 17 Low, fo_K = 1 MHz 1 


100 ±0.3 

% 


f 0 = 10kHz 




LTC 1064 

Sides A, B, C 

• 

100 ±0.8 

% 



Side D 

• 

100 ±0.9 

% 

Clock to Center Frequency LTC1064A (Note 1) 

f C LK = 1MHz 


0.4 

% 

Ratio, Side to Side Matching LTC1064 

! 

• 

1 

% 

Clock to Center Frequency LTC1064A (Note 1) 

Sides A, B,C: Model, V s = ±7. 5V 


50 ±0.6 

% 

Ratio, f CLK /fo (Note 2) LTC1064 

R1 = R3 = 50kfi, R2 = 5kfl, Q = 5, 


50 ± 1 .3 

% 


t CL K=4MHz, f 0 = 80kHz, Pin 17 High 





Side D: Mode 3, R1 = R3 = 





R2 = R4 = 5kfl, f CLK = 4M Hz 




LTC1064A (Note 1) 

Same as above, Pin 17 Low 


100 ±0.6 

% 

LTC 1064 

fdK = 4M Hz, f 0 = 40kHz 


100 ± 1.3 

% 

Q Accuracy 

Sides A, B,C: Model, Q = 10 

• 

±2 6 

% 


Side D: Mode 3, f CLK = 1 MHz 

• 

±3 8 

% 

f 0 Temperature Coefficient 

Model, 50:1, f C LK<2MHz 


±1 

ppm/°C 

Q Temperature Coefficient 

Mode 1, 100:1, f C LK< 2MHz 


±5 

ppm/°C 


Mode3,f C LK<2MHz 


±5 

ppm/°C 

DC Offset Voltage V 0S1 

f CL K= 1MHz, 50:1 or 100:1 

• 

2 15 

mV 

Vos2 

f CL K = 1MHz, 50:1 or 100:1 

• 

3 45 

mV 

V OS3 

f CL K= 1MHz, 50:1 or 100:1 

• 

3 45 

mV 

Clock Feedthrough 

f C LK<1MHz 


0.2 

mV RMS 

Maximum Clock Frequency 

Model, Q<5,V S >±5V 


7 

MHz 

Power Supply Current 



9 12 16 

mA 



• 

22 

mA 


The • denotes the specifications which apply over the full operating Note 1: Contact LTC Marketing, 

temperature range. Note 2: Not tested, guaranteed by design. 


Table 1. Output DC Offsets One 2nd Order Section 


MODE 

V OSN 

PIN 2, 11, 14, 23 

V QSBP 

PIN 3, 10, 15, 22 

V OSLP 

PIN 4, 9, 16, 21 

1 

VosiKI/Q) + 1 + IHolrI] - Vosa/Q 

V OS3 

V OSN “ V 0S2 

1b 

V 0 si[(1/Q) + 1 + R2/R1] - V 0S3 /Q 

V OS3 

-(Vosn-Vos2)(1 + R5/R6) 

2 

[Vqsi(1 + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 
[R4/(R2 + R4)] + V OS2 [R2/(R2 + R4)] 

V OS3 

V OSN “ V OS2 

CO 

V OS2 

VoS3 

w L R4 R4 R41 w / R4 \ 

Vqsi 1+ — + — + — I “V 0 S 2 I — 1 
l R1 R2 R3J \ R2 / 

_Vos3 (i) 


/rime 
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LTCI064 


BLOCK DIAGRAfll 


HPA/NA(11) BPA(IO) LPA(9) 



□ V+(7) 

□ 50/100(17) 

□ CLK(18) 

□ V-(19) 


BY TYING PIN 17 TO V + ALL SECTIONS 
OPERATE WITH (f CLK^o) =(&0:1) 

BY TYING PIN 17 TO V- ALL SECTIONS 
OPERATE WITH (fcLK^o)=(100:1) 

BY TYING PIN 17 TO AGND SECTIONS B & C 
OPERATE WITH (fcLK^o) =(50:1) AND 
SECTIONS A & D OPERATE AT (100:1). 


TYPICAL PCRFORfflRACC CHARACTCRISTICS 



CENTER FREOUENCY, l„, (kHz) 


Graph 2. Mode 1, (fcLK^o) = 100:1 
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/V S =d 

b5V 

T 



\=2 

5°C 
OR 1 

0 

Vs = 

1 
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1 

7 

□ 

J 


Q 

1 

=5 

1 , 

/ 

L_ 
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_ 
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1 
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| | 



□ 

Ltl s 
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t 
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0 10 20 30 40 50 60 70 80 90 100 
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Graph 3. Mode2,(f C LK/W=25:1 
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-PIN 17ATV + 

. (R2/R4)=3 
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LTC1064 


TYPICAL PCAFOAfffeAACC CHAAACTCAISTICS 



0 20 40 60 80 100120140160180 200 
CENTER FREQUENCY, f 0 , (kHz) 


Graph 5. Mode 2,(f C LK/f o )=50:1 


Graph 6. Mode 3 f (fcLK/fo) = 50:1 



0 10 20 30 40 50 60 70 80 90 100 
CENTER FREQUENCY, f 0 , (kHz) 




~ 

— 





T a =25°C 

R2 = R4 

C c = 5pF 
Q = 5 






1 







V 


±5V 




— 

Vs 

= ±2.5V 




— - Q 

= 10 


,1/ 

J 

7 


Ml 







'S = 

±7 

,5V 




"1 

1 
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~v 

s= 

±2. 
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— 

V 

I 
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u 

±5\ 

IL 

/_ 
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/] 

±7 
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,5 V- 
i 


U 

1 
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Q 

□ 

□ 
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CENTER FREQUENCY, f 0 , (kHz) 
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0 2 4 6 8 10 12 14 16 18 20 
Q 



Graph 10. Power Supply Current 
vs Supply Voltage 



0 2 4 6 8 10 12 14 16 

POWER SUPPLY VOLTAGE (V + -V ~) 


Graph 11. Harmonic Distortion, 
8th Order LP Butterworth 
f c = 20kHz THD= 0.015% for 
3Vrms Input 
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pm KSCMPTion 

Power Supplies (Pins 7, 19) 

They should be bypassed with O.fyF ceramic disc. Low 
noise, non-switching, power supplies are recommended. 
The device operates with a single 5V supply and with dual 
supplies. The absolute maximum operating power supply 
voltage is ±9V. 

Clock (Pin 18) 

For ±5V supplies the logic threshold level is 1.4V. For 
±8V and 0 to 5 V supplies the logic threshold levels are 
2.2V and 3V respectively. The logic threshold levels vary 
+ lOOmV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al- 
though for clock frequencies below 500kHz the clock “on” 
time can be as low as 200ns. The maximum clock fre- 
quency for +5V supplies is 4MHz. For ±7V supplies and 
above, the maximum clock frequency is 7MHz. 


AGND(Pin6) 

When the LTC1064 operates with dual supplies, Pin 6 
should be tied to system ground. When the LTC1064 oper- 
ates with a single positive supply, the analog ground pin 
should be tied to 1/2 supply and it should be bypassed 
with a 1/tF solid tantalum in parallel with a O.fyF ceramic 
disc, Figure 1. The positive input of all the internal op 
amps, as well as the common reference of all the internal 
switches, are internally tied to the analog ground pin. Be- 
cause of this, a very “clean” ground is recommended. 

50/100 (Pin 17) 

By tying Pin 17 to V + , all filter sections operate with a 
clock to center frequency ratio internally set at 50:1. When 
Pin 17 is at mid-supplies, sections B and C operate with 
(fcLK/fo) =50:1 and sections A and D operate at (100:1). 
When Pin 17 is shorted to the negative supply pin, all filter 
sections operate with (fcLK/fo) = 100:1 . 



NOTE: PIN 5, 8, 20, IF NOT USED, SHOULD BE CONNECTED TO PIN 6. 


Figure 1. Single Supply Operation 
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LTC1064 


APPUCATIOAS MFOAfllATIOn 

ANALOG CONSIDERATIONS 
t. Grounding and Bypassing 

The LTC1064 should be used with separated analog and 
digital ground planes and single point grounding 
techniques. 

Pin 6 (AGND) should be tied directly to the analog ground 
plane. 

Pin 7 (V + ) should be bypassed to the ground plane with a 
O.IjbF ceramic disk with leads as short as possible. Pin 19 
(V - ) should be bypassed with a O.tyF ceramic disk. For 
single supply applications, V~ can be tied to the analog 
ground plane. 

For good noise performance, V + and V - must be free of 
noise and ripple. 

All analog inputs should be referenced directly to the sin- 
gle point ground. The clock inputs should be shielded 
from and/or routed away from the analog circuitry and a 
separate digital ground plane used. 


Figure 2 shows an example of an ideal ground plane de- 
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this as possible. Proto boards are not 
recommended. 

2. Buffering the Filter Output 

When driving coaxial cables and 1 x scope probes, the fil- 
ter output should be buffered. This is important especially 
when high Qs are used to design a specific filter. Inade- 
quate buffering may cause errors in noise, distortion, Q, 
and gain measurements. When 10 x probes are used, 
buffering is usually not required. An inverting buffer is 
recommended especially when THD tests are performed. 
As shown in Figure 3, the buffer should be adequately 
bypassed to minimize clock feedthrough. 



Figure 2. Example Ground Plane Breadboard Technique for LTC1064 


XTUEK5B 
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LTC1064 


APPLICATION MFOftmATIOn 

3. Offset Nulling 

Low pass filters may have too much DC offset for some 
users. A servo circuit may be used to actively null the off- 
sets of the LTC1064 or any LTC switched capacitor filter. 
The circuit shown in Figure 4 will null offsets to better 
than 300/tV. This circuit takes seconds to settle because 
of the integrator pole frequency. 


4. Noise 

All the noise performance mentioned excludes the clock 
feedthrough. Noise measurements will degrade if, the 
already described grounding, bypassing, and buffering 
techniques are not practiced. Graph 9 is a very good repre- 
sentation of the noise performance of this device. 


SEPARATE V+ POWER SUPPLY TRACE FOR BUFFER 




Figure 3. Buffering the Output of a 4th Order Bandpass Realization 


Figure 4. Servo Amplifier 


mODCSOF OPCAATIOA 

PRIMARY MODES 
Model 

In Mode 1, the ratio of the external clock frequency to the 
center frequency of each second order section is inter- 
nally fixed at 50:1 or 100:1. Figure 5 illustrates Mode 1 pro- 
viding 2nd order notch, low pass, and bandpass outputs. 
Mode 1 can be used to make high order Butterworth low 
pass filters; it can also be used to make low Q notches and 
for cascading 2nd order bandpass functions tuned at the 
same center frequency with unity gain. Mode 1 is faster 
than Mode 3. Note that Mode 1 can only be implemented 
with 3 of the 4 LTC1064 sections because section D has no 


R3 



Figure 5. Mode 1: 2nd Order Filter Providing Notch, Bandpass, 
Low Pass 
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LTC1064 


mOD€SOF OPCRATIOfl 

externally available summing node. Section D, however, 
can be internally connected in Mode 1 upon special 
request. 

Mode 3 

Mode 3 is the second of the primary modes. In Mode 3, the 
ratio of the external clock frequency to the center fre- 
quency of each 2nd order section can be adjusted above 
or below 50:1 or 100:1. Side D of the LTC1064 can only be 
connected in Mode 3. Figure 6 illustrates Mode 3, the 
classical state variable configuration, providing high 
pass, bandpass, and low pass second order filter func- 
tions. Mode 3 is slower than Mode 1. Mode 3 can be used 
to make high order all-pole bandpass, low pass, high pass 
and notch filters. 


Cc 



MODE 3 (100:1): 

MODE 3 (50:1): 


f °=W\/I’ Q =§\/§ :H °H'=- R2/R1: 

Hobp= — R3/R1 ; Hqlr= — R4/R1 

f _ fCLK f R2.n 1.005(VR27R4) . 

0 50 V R4 ' (R2/R3)— (R2/16R4) ’ 


Kohp—k/m; Hobr=- h 0 u>=-fm/ R i 


NOTE: THE 50:1 EQUATIONS FOR MODE 3 ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 3 OPERATION OF THE LTC1059, LTC1060 AND LTC1061 . START WITH 
f„, CALCULATE R2/R4, SET R4: FROM THE Q VALUE, CALCULATE R3: 


1.005 [W R2 
Q V R4 16R4 


THEN CALCULATE R1 TO SET 
THE DESIRED GAIN. 


Figure 6. Mode 3: 2nd Order Filter Providing High Pass, 
Bandpass, Low Pass 


When the internal clock to center frequency ratio is set at 
50: 1, the design equations for Q and bandpass gain are dif- 
ferent from the 100:1 case. This was done to provide speed 
without penalizing the noise performance. 

SECONDARY MODES 

Mode 1b 

Mode 1b is derived from Mode 1. In Mode 1b, Figure 7, two 
additional resistors R5 and R6, are added to alternate the 
amount of voltage fed back from the low pass output into 
the input of the SA (or SB or SC) switched capacitor sum- 
mer. This allows the filter clock to center frequency ratio 
to be adjusted beyond 50:1 or 100:1. Mode 1b maintains 
the speed advantages of Mode 1. 

Mode 2 

Mode 2 is a combination of Mode 1 and Mode 3, as shown 
in Figure 8. With Mode 2, the clock to center frequency 
ratio, fcLK/fo. is always less than 50:1 or 100:1. The advan- 
tage of Mode 2 is that it provides less sensitivity to resis- 
tor tolerances than does Mode 3. As in Mode 1 , Mode 2 has 

R6 R5 



f _ f CLK ./ R6 . f _ f . n-M / R6 . 

°“ 100(50) V R5 + R6’ Tn-f °’ u ~ R2 VR5 + R6 1 

H ONi(f~0) = H 0 N2 ( f y 1 ) = — jjf ; h OLP= R6/( r5 + r 6) ; 


Hobp= — jjy (R5//R6)<5kO 

Figure 7. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, 
Low Pass 
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a notch output which depends on the clock frequency, and 
the notch frequency is therefore less than the center fre- 
quency, f 0 . 

When the internal clock to center frequency ratio is set at 
50: 1, the design equations for Q and bandpass gain are dif- 
ferent from the 100: 1 case. 

Mode3A 

This is an extension of Mode 3 where the high pass and 
low pass output are summed through two external resis- 
tors Rh and R| to create a notch. This is shown in Figure 9. 
Mode 3A is more versatile than Mode 2 because the notch 


frequency can be higher or lower than the center fre- 
quency of the 2nd order section. The external op amp of 
Figure 9 is not always required. When cascading the sec- 
tions of the LTC1064, the high pass and low pass outputs 
can be summed directly into the inverting input of the next 
section. The topology of Mode 3A is useful for elliptic high 
pass and notch filters with clock to cutoff frequency ratios 
higher than 100:1. This is often required to extend the al- 
lowed input signal frequency range and to avoid prema- 
turealiasing. 

When the internal clock to center frequency ratio is set at 
50:1, the design equations for Q and bandpass gain are dif- 
ferent from the 100:1 case. 


R4 



MODE 2(100:1)' 



H 0 bp= — R3/R1 , H 0N i(f — 0) 


1+(R2/R4) ’ 


MODE 2 (50.1): 


1.005(Vl + R2/R4) H = -R2/R1 

(R2/R3) — (R2/16R4) ’ 0LP 1+(R2/R4) 


m _ R3/R1 . n /f m _ -R2/R1 

H ° BP 1-(R3/16R4) ’ H ° Ni( ~* 0) 1+(R2/R4) 

H 0 N 2 (f-% !i ) = -R2/R1 


NOTE. THE 50 1 EQUATIONS FOR MODE 2 ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 2 OPERATION OF THE LTC1059, LTC1060 AND LTC1061 START WITH 
f 0 , CALCULATE R2/R4, SET R4; FROM THE Q VALUE, CALCULATE R3: 


R3 = 



; THEN CALCULATE R1 TO SET THE DESIRED GAIN. 


Figure 8. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Low Pass 



W ]/§'■ W \fw : H " = ' r2/r1 ' Hobp= - R3/R1 

HolP= -R4/R1. Hon,((— 0) = -^- X ; Hon2 (f- = -pjj- x ri" 

'°=¥ Vf; 


Li _ m/m 

0BP 1 — (R3/16R4) 


H OLP (f=0) = -R4/R1; Q = 


1.005(VR27R4) 


(R2/R3) — (R2/16R4) 


NOTE' THE 50.1 EQUATIONS FOR MODE 3A ARE DIFFERENT FROM THE EQUATIONS 
FOR MODE 3A OPERATION OF THE LTC1059, LTC1060 AND LTC1061. START WITH 
f 0 , CALCULATE R2/R4, SET R4, FROM THE Q VALUE, CALCULATE R3: 


R2 

1.005 /R2~ R2 

Q ]/R4 16R4 


THEN CALCULATE R1 TO SET 
THE DESIRED GAIN. 


Figure 9. Mode 3A: 2nd Order Filter Providing High Pass, Bandpass, Low Pass, Notch 
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APPUCATIOA CIACUITS 


8th Order Bandpass Filter with 2 Stopband Notches 


Amplitude Response 


INVB ^ 

^ INVC 

HPB/NB 

HPC7NC 

8PB 

BPC 

LP8 

LPC 

SB 

SC 

AGND 

1 v * 

v + 

§ CLK 

SA 

507100 

IPA 

LPD 

BPA 

BPD 

HPA/NA 

HPD 

INVA 

INVD 


24 

— wv— 

23 

R23 

— 1 • 

22 

R33 

21 

R43 W 


JI3 

AAA> ' 



9^ 1 

18 

_L_T 

1 28MHz "X” 

17 



TO V + 

16 

^R44 

15 

R34 

14 

R24* 

13 



V S =±5V 

0 — 1 clk — 1 28MHz 
PIN 17 AT V + 



5k 10k 20k 40k 

INPUT FREQUENCY (Hz) 


R1 1 =46 95k R2i = i0k R3l=38 25k R41 = 11 81k 

R1 2 = 93 93k R22 = i0k R32=815k R42 = l4 72k 

Rh2 =6 9k RI2 = 27 46k 
R23 = 16 3k R33 = 70 3k R43 = 10k 

Rh3 =69 7k RI3 = 1 7 9k 
R24 = 13 19k R34 = 39 42k R44 = 10 5k 

NOTE i THE V + V PINS SHOULD BE BYPASSED WITH A 0 1*iF-0 22#tF CERAMIC DISC RIGHT 
AT THE PINS 

NOTE 2 THE RATIOS OF ALL |R2/R4i RESISTORS SHOULD BE MATCHED TO BETTER THAN 0 25% 
THE REMAINING RESISTORS SHOULD BE BETTER THAN 0 5% ACCURATE 


R41 = 11 81k 
R42 = 14 72k 



C-Message Fil 


i ^3 

— INV B 

— 

INVC 

R22 

? 




1 HPB/NB HPC/NC 

R32 

3 


i— K/SfSf— ■ — 

— BPB 

BPC 

R42 

4 


k “VYV 

— LPB 

LPC 


— — SB 

SC 

J 

AGND § 

V ' 

1 £ 

CLK 


—8 - , 


1 — WV — 1 < 

►— SA 

50/100 

R12 -d 



i — vs/v — 1 Ilpa 

LPD 

R41 

10 


k — vw— } — 

— - BPA 

BPD 

R31 

11 


1 — vw i 

HPA/NA 

HP0 

R21 

12 



INV A 

INV 0 

RESISTOR VALUES 


R11 =88 7k 

R21 = 10k 

R31 = 

Rl2 = 10k 

R22 =44 8k 

R32 = 

R13 = 15 8k 

R23 = 48 9k 

R33 = i 

R14 =15 8k 

R24 = 44 8k 

R34 = 


Amplitude Response 


3 5795MHz 
CIK 16 



Ik 2k 3k 4k 
1 IN (HZ) 
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8th Order Chebyshev Low Pass Filter with a Passband 

Ripple of 0.1dB and Cutoff Frequency up to 100kHz Amplitude Response 



R11 =100 86k R21 = 16 75k R31 =23 6k R41 =99 73k 

R1 2 = 25 72k R22 = 20 93k R32=45.2k R42 = 25.52k 

R1 3 = 1 6 61k R23 = 10 18k R33 = 68 15k R43 = 99.83k 

R14 = 13.84k R24 = 1 1.52k R34 = 17 72k R44 = 25.42k 

NOTE 1 FOR f CLK >3MHz, ADD C2 = 10pF ACROSS R42 
C3 = lOpF ACROSS R43 
C4 = 10pF ACROSS R44 

WIDEBAND NOISE = 170 A tV RMS 



10k 100k 1M 

f|N (Hz) 


8th Order Clock Sweepable Low Pass 

Elliptic Antialiasing Filter Amplitude Response 



R11 =19 Ik R21 = 1 0k 

Rhl =30 9k RI1 = 14k 

R42 = 10 2k Rh2 = 76 8k 


R31 =13 7k 
R22 = 10k 
RI2 = 26 7k 
R33 = 84 5k 
Rh3 = 60 2k 
R24 = 15 4k 


R41 =15 4k 
R32 = 23 7k 
R23 = 11 3k 
R43 = 1 0k 
RI3 = 10k 
R34 = 15.2k 


R44 =42 7k 


NOTE FOR f CUT 0 F F> 15kHz, ADD A 5pF 
CAPACITOR ACROSS R41 AND R43 



FREQUENCY (Hz) 

8TH ORDER CLOCK SWEEPABLE LOW PASS 
ELLIPTIC ANTIALIASING FILTER MAINTAINS, 
FOR 0 1 Hz <f CUTOFF ^ 20kHz, A ±0 IdB MAX. 
PASSBAND ERROR AND 72dB MIN STOPBAND 
ATTENUATION AT 1.5xf CUT0 FF 
TOTAL WIDEBAND NOISE = 150^V RMS , 

THD = 70dB (0 03%) FOR V )N = 3V RMS , 

W* CUTOFF = 100.1 THIS FILTER AVAILABLE 
AS LTC 1064-1 WITH INTERNAL THIN FILM 
RESISTORS. 
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PflCKflGC DCSCRIPTIOfl Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

24-Lead Ceramic DIP 



* (32 77) 

rFimrairFirwirwinsimmrrnmra 

H 

0 295 
(7 493) 

T i 

J 

LlJ L^J L§J LfJ LsJ L§J L^J L^J LsJ LioJ LnJ LijJ 



N Package 
24-Lead Plastic DIP 



1 245 f 

(31 62) 

r»n.mi^iinmmnnm.mmri4in3i 

r~ 

0 260 ±0 005 
(6 604 ±0 ’27) 

| RAD 

j 


tulltojeu hjuj'lli'Lljtl] ra-nunrr 



SO Package 
24-Lead Plastic SOIC 


NOTE 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS 


NO OF LEADS 

•A" DIM 

16 

0 395-0 415 

(10 033-10 541) 

18 

0 450-0 470 

(11 430-11 938) 

20 

0 495-0 515 

(12 573-13 081) 

24 

0 600 - 0 615 

(15 240-15 621) 

28 

0 700-0 715 

(17 780-18 161) 


0 291-0 299 
"(7 391 -7 595)' 



(0 229 - 0 330) SEE NOTE 

0 016-0 OSO 
(0 406-1 270)" 



16 15 14 13 12 11 10 9 

pppppnnp- 





0 394-0 



(10 007-1 





2 3 4 5 6 7 


0 093 - 0 104 


(2 362- 

-2 642) 

0 037 - 0 045 
(0 940-1 143) 

ri 


tenon 

:innj)'f . j 

0050 J L 

(1 270) 1 r* 

TYP 

0014-0 019 
(0 356 - 0 482) 

t 

0 004-0 ( 
(0 102-0 : 
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TECHNOLOGY 


Low Noise, 8th Order, Clock 
Sweepable Elliptic Lowpass Filter 


F€ATUft€S 

■ 8th Order Filter in a 14-Pin Package 

■ No External Components 

■ 100:1 Clock to Center Ratio 

■ 150jiVrms Total Wideband Noise 

■ 0.03% THD or Better 

■ 50kHz Maximum Corner Frequency 

■ Operates from ± 2.37V to ±8V Power Supplies 

■ Passband Ripple Guaranteed Over Full Military 
Temperature Range 

APPUCATIOAS 

■ Antialiasing Filters 

■ Telecom PCM Filters 


DCSCAIPTIOA 

The LTC1064-1 is an 8th order, clock sweepable elliptic 
(Cauer) lowpass switched capacitor filter. The passband 
ripple is typically ±0.15dB, and the stopband attenuation 
at 1 .5 times the cutoff frequency is 68dB or more. 

An external TTL or CMOS clock programs the value of the 
filter’s cutoff frequency. The clock to cutoff frequency ra- 
tio is 100:1. 

No external components are needed for cutoff frequen- 
cies up to 20kHz. For cutoff frequencies over 20kHz two 
low value capacitors are required to maintain passband 
flatness. The LTC1064-1 features low wideband noise and 
low harmonic distortion even for input voltages up to 
3Vrms. In fact the LTC1064-1 overall performance com- 
petes with equivalent multi op amp RC active realizations. 

The LTC1064-1 is available in a 14-pin DIP or 16-pin surface 
mounted SOL package. 

The LTC1064-1 is pin compatible with the LTC1064-2. 


TVPKfll RPPUCHTlOfl 


8th Order Clock Sweepable Lowpass 
Elliptic Antialiasing Filter 



NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0. VF 
CAPACITOR CLOSE TO THE PACKAGE. 

FOR SERVO OFFSET NULLING APPLICATIONS, PIN 1 IS THE 2ND 
STAQE SUMMING JUNCTION. 

‘FOR CUTOFF FREQUENCY ABOVE 20kHz, USE COMPENSATION 
CAPACITORS (5pF-56pF) BETWEEN PINS 13 AND 1 AND 6 AND 7. 



0 5 10 15 20 25 30 35 40 

FREQUENCY (kHz) 


8TH ORDER CLOCK SWEEPABLE LOWPASS ELLIPTIC ANTIALIASING 
FILTER MAINTAINS, FOR 0. 1 Hz <f CUTOFF ^ 10kHz, a ±0.15dB 
PASSBAND RIPPLE AND 72dB STOPBAND ATTENUATION AT 

1.50 xf cu-roFF- 

TOTAL WIDEBAND NOISE = 150jtV rms, THD=0.03% FOR 
V IN= 1 V RMS- 
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absolute mnximum rrtirgs 


Total Supply Voltage (V + to V ~ ) 1 6.5V 

Power Dissipation 400mW 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Operating Temperature Range 

LTC1064-1M — 55°C to 125°C 

LTC1 064-1 C -40°Cto 85°C 


PRCKRG6/ORDCR IRFORfflRTIOR 




TOP VIEW 



ORDER PART 

INVC [T 


14 1 R(h.l) 

NUMBER 

VlN E 
A6ND |T 

V+ [7 

AGND |7 
COMP1 [7 
INVA [7 

LT1 064-1 

TTJ C0MP2 

JU V- 
3 fCLK 

7o| NC 

1] VoUT 

7] NC 

LTC1 064-1 MJ 
LTC1 064-1 CJ 
LTC1064-1CN 

J PACKAGE N PACKAGE 

14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 




TOP VIEW 



LTC1 064-1 CS 

INVC [7 
Vin U 
AGND [7 
V+ [7 
AGND [7 
NC [7 
COMP1 [7 
INVA [7 


LTC 1064-1 

iH R(h,l) 

?5| C0MP2 
in V- 
in NC 

7| fcLK 

?n nc 

To] NC 

7] Vqut 


S PACKAGE 
16-LEAD PLASTIC SOL 




€L€CTRICRL CHARACTERISTICS 

Vs = ± 7.5V, fcLK = 1 MHz, R| = 10kQ, C| = lOpF, Ta = 25°, TTL or CMOS clock input level unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Passband Gain, LTC1064-1, 1 A 

Referenced to OdB, 1 Hz to 0.1f c 

• 


±0.1 

±0.35 

dB 

GainTempCo 




0.0002 


dB/°C 

Passband Edge Frequency, fc 




10±1% 


kHz 

Gain at f c 

Referenced to Passband Gain 






LTC 1064-1 


• 

-1.25 


0.85 

dB 

LTC1064-1A 


• 

-0.75 


0.65 

dB 

— 3dB Frequency 




10.7 


kHz 

Passband Ripple (Note 1) 

O.lfc to 0.85fc Referenced to Passband Gain, 






LTC1064-1 

Measured at 6.25kHz and 8.5kHz 

• 


±0.15 

±0.32 

dB 

LTC1064-1A 


• 


±0.1 

±0.19 

dB 

Ripple TempCo 




0.0004 


dB/°C 

Stopband Attenuation 

At 1.5f c , Referenced to OdB 






LTC 1064-1 



66 

72 


dB 

LTC1064-1A 


• 

68 

72 


dB 

Stopband Attenuation 

At 2f c , Referenced to OdB 






LTC1064-1 


• 

67 

72 


dB 

LTC1064-1A 

l 

• 

68 

72 


dB 

Input Frequency Range 



0 


fCLK / 2 

kHz 

Output Voltage Swing and 

V s =± 2.37V 

• 

-1.0 


1 

V 

Operating Input Voltage Range 

V s = ±5V 

• 

-3.2 


3.2 

V 


V s =± 7.5V 

• 

-5.0 


5.2 

V 






LTC1064-1 


€l€CTAICAl CHAAACTCAISTICS 

Vs = ± 7.5V, <clk =1MHz, R|= lOkfl, C| = lOpF, T* = 25°, TTL or CMOS clock input level unless otherwise specified. 


PARAMETER 

| CONDITIONS ! 

MIN 

TYP 

MAX 

UNITS 

Total Harmonic Distortion 

V s = ±5V, Input = 1V RMS at 1kHz 



0.015 


% 


V s = ± 7.5V, Input = 3 V rms at 1 kHz 



0.03 


% 

Wideband Noise 

V s = ±5V, Input = GND1Hz-999kHz 



150 


/* V RMS 


V s = ± 7.5V, Input = GND1Hz-999kHz 



165 


M V RMS 

Output DC Offset 

V s = ± 7.5V, Pin 2 Grounded 






LTC1064-1 




50 

175 

mV 

LTC1064-1A 




50 

125 

mV 

Output DC Offset TempCo 

V s = ±5V 



-100 


/iV/°C 

Input Impedance 



10 

20 


kG 

Output Impedance 

f 0UT = 10kHz 


2 


Output Short Circuit Current 

Source/Sink 


3/1 

mA 

Clock Feedthrough 



200 

/* V RMS 

Maximum Clock Frequency 

50% Duty Cycle, V s =± 7.5V 


5 

MHz 

Power Supply Current 

V s = ±2.37 V 

• 


10 

16 

mA 


V S =±5V 



12 

18 

mA 



• 



22 

mA 


V s = ±8V 



16 

22 

mA 



• 



28 

mA 

Power Supply Voltage Range 


• 

±2.37 


±8 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 


Note 1: For tighter specifications please contact LTC Marketing. 


TYPICAL APPLICATION 



1 10 100 
FREQUENCY (kHz) 


Graph 2. Phase vs Frequency 



0123456789 10 11 
FREQUENCY (kHz) 



0 1 2 3 4 5 6 7 8 9 10 11 12 

FREQUENCY (kHz) 
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Graph 4. Gain vs Frequency 
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Graph 5. Gain vs Frequency 
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Graph 6. Gain vs Frequency 
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Graph 7. Typical Wideband Noise 
(15VVrms)V S =±5VTa = 25 0 C 
fdK = 1MHz fc = 10kHz Input Grounded 



Graph 8. Total Harmonic 
Distortion (0.025%) V s =± 7.5V 
T a = 25°C f C LK = 1 MHz f c = 10kHz 
Input = 1kHz at 3Vrms 



Graph 9. Power Supply Current vs 
Power Supply Voltage 



pm D€soHPTion 

Power Supply Pins (4, 12) 

TheV + (pin 4) and V - (pin 12) should be bypassed with a 
0.1/tF capacitor to an adequate analog ground. Low noise, 
non-switching power supplies are recommended. To avoid 
latch up when the power supplies exhibit high turn-on 
transients, a 1N5817 schottky diode should be added from 
the V + and V ~ pins to ground, Figure 1 . 

Clock Pin (11) 

For ±5 V supplies the logic threshold level is 1.4V. For 
±8V and OV to 5V supplies the logic threshold levels are 


2.2V and 3 V respectively. The logic threshold levels vary 
±100mV over the full military temperature range. The 
recommended duty cycle of the input clock is 50% al- 
though for clock frequencies below 500kHz the clock “on” 
time can be as low as 200ns. The maximum clock fre- 
quency for ± 5 V supplies is 4MHz. For ± 7 V supplies and 
above, the maximum clock frequency is 5MHz. Do not al- 
low the clock levels to exceed the power supplies. For 
clock level shifting, see Figure 3. 

Analog Ground Pins (3, 5) 

For dual supply operation these pins should be connected 
to a ground plane. For single supply operation both pins 
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pm DcscniPTion 

should be tied to one half supply, Figure 2. Also pins 8 and 
10, although they are not internally connected should be 
tied to analog ground or system ground. This improves the 
clock feedthrough performance. 

Connection Pins (7, 14) 

A very short connection between pins 14 and 7 is recom- 
mended. This connection should be preferably done under 
the 1C package. In a breadboard, use a one inch, or less, 
shielded coaxial cable; the shield should be grounded. In a 
PC board, use a one inch trace or less; surround the trace 
by a ground plane. 

Compensation Pins (13 and 1, 6 and 7) 

For filter cutoff frequencies higher than 20kHz, in order to 
minimize the passband ripple, compensation capacitors 
should be added between pins 6 and 7 (compl) and pins 1 
and 13 (comp2). For compl (comp2), add IpF (1.5pF) mica 



Figure 1. Using Schottky Diodes to Protect the 1C 
from Power Supply Spikes. 


capacitor for each kHz increase in cutoff frequency above 
20kHz. For more details refer to graphs 4, 5, and 6. 

Input, Output Pins (2, 9) 

The input pin 2 is connected to an 18kfi resistor tied to the 
inverting input of an op amp. Pin 2 is protected against 
static discharge. The device’s output, pin 9, is the output 
of an op amp which can typically source/sink 3/1mA. Al- 
though the internal op amps are unity gain stable, driving 
long coax cables is not recommended. 

When testing the device for noise and distortion, the out- 
put, pin 9, should be buffered, Figure 4. The op amp power 
supply wire (or trace) should be connected directly to the 
power source. 

NC Pins (8, 9) 

The “no connection” pins preferably should be grounded. 



Figure 2. Single Supply Operation, if Fast Power Up or Down 
Transients are Expected, Use a 1N5817 Schottky Diode 
Between Pins 4 and 5. 



Figure 3. Level Shifting the Input T 2 L Clock for Single Supply Operation, V + > 6V 
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LTC1064-1 



Figure 4. Buffering the Filter Output. The Buffer Op Amp Should Not Share the 
LTC1064-1 Power Lines. 


TYPICAL APPUCATIOAS 

Transitional Elliptic-Bessel 10th Order Lowpass Filter 



Transient Response to a 2V Step Input 
Horizontal: O.lmsfDiv 
Vertical: IV/Div 



Amplitude Response 



1 10 100 
f|N (kHz) 
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LTC1 064-1 


TYPICAL APPUCATIOAS 

Transitional Elliptic-Bessel Dual 5th Order Lowpass Filter 


Hhi 

■ 4 — v- r- 

C , CLK=200xf_ 3dB 


» 0UTPUT1 WIDEBAND NOISE: 50/iV rms 
• 0UTPUT2 WIDEBAND NOISE: 110/*V RMS 


Transient Reponse to a 2 V Step Input 
Horizontal: O.lms/Div 
Vertical: IV/Div 
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LTC1064-1 


PACKAGC DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

14-Lead Ceramic DIP 



N Package 
14-Lead Plastic DIP 



S Package 
16-Lead Plastic SOL 
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SECTION 8— INSTRUMENTATION AMPLIFIERS 

INDEX 8-2 

PROPRIETARY PRODUCTS 

L TC 1 043, Dual Instrumentation Switched-Capacitor Building Block 11-15 

LTC1100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain = 100) 13-35 

LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = lOor 100) 13-36 

LT1 102, High Speed, JFET Input Instrumentation Amplifier (Fixed Gain =10 or 100) 1 3-48 
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INDEX 


SECTION 9-DATA CONVERSION 

INDEX 9-2 

SELECTION GUIDE 9-3 

PROPRIETARY PRODUCTS 

L TCI 090, Single Chip 10-Bit Data Acquisition System 9-5 

LTC1091, 1 -Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

L TCI 092, 2-Channel, 10-Bit Serial I/O Data Acquisition System 9-29 

LTC1 093, 6-Channel, 1 0-Bit Serial I/O Data Acquisition System 9-29 

LTC1094, 8-Channel, 1 0-Bit Serial I/O Data Acquisition System 9-29 

LTC1 095, Complete 1 0-Bit Data Acquisition System with On Board Reference 9-57 

LTC1099, High Speed 8-Bit A/D Converter with Built-In Sample-and-Hold 9-81 

LTC1 290, Single Chip 12-Bit Data Acquisition System 13-62 

LTC1291, 1-Channel, 1 2-Bit Serial I/O Data Acquisition System 13-70 

LTC1292, 2-Channel, 12- Bit Serial I/O Data Acquisition System 13-70 

L TC 1293, 6-Channel, 12-Bit Serial I/O Data Acquisition System 13-70 

LTC1294, 8-Channel, 12-Bit Serial I/O Data Acquisition System 1 3-70 

SECOND SOURCE PRODUCTS 

LF198A/LF398A, Precision Sample and Hold Amplifier 9-97 

LF1 98/LF398, Precision Sample and Hold Amplifier 9-97 

LF398S8, Precision Sample and Hold Amplifier 9-113 
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PART NUMBER 

DESCRIPTION 

RESOLUTION 

TOTAL UNADJUSTED 
ERROR 

CONVERSION 

TIME 

MAXIMUM 
SUPPLY CURRENT 

PACKAGES 

AVAILABLE 

IMPORTANT FEATURES 

LTC1090C, M 

10 Bit Serial I/O, Analog to 

Digital Converter with 8 

Channel Multiplexer. Full 

Duplex Serial Interface. 

10 Bits 

± 1/2LSB (LTC1090A) 
Over Full 

Temperature Range 

22/iS 

2.5mA 

J, N,S 

10 Bit A to D with Built In 8 
Channel Analog MUX and 
Sample/Hold. Compatible with 

All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Full Duplex Serial I/O. 

LTC1091C, M 

10 Bit Serial I/O, Analog to 

Digital Converter with 2 

Channel Analog Multiplexer 

10 Bits 

± 1/2LSB (LTC1091 A) 
Over Full 

Temperature Range 

20/iS 

3.5mA 

J8,N8 

10 Bit A to D with Built In 2 
Channel Analog MUX and 
Sample/Hold. Compatible with 

All Microprocessors with Serial 
Ports. Unipolar Operation. 

LTC1092C,M 

10 Bit, 8 Pin Analog to Digital 
Converter with Serial Output 

10 Bits 

± 1/2LSB (LTC1092A) 
Over Full 

Temperature Range 

20/iS 

2.5mA 

J8,N8 

Separate Reference Pin Allows 
Reduced Span (Down to 200mV) 
Operation. Unipolar A to D 
Conversions are Performed on 
a Differential Input Pair. 
Compatible with All 
Microprocessors with Serial 
Ports. 

LTC1093C, M 

10 Bit Serial I/O, Analog to 

Digital Converter with 6 

Channel Multiplexer 

10 Bits 

± 1/2LSB (LTC1093A) 
Over Full 

Temperature Range 

20/iS 

2.5mA 

.......... j 

J, N 

10 Bit A to D with Built In 6 
Channel Analog MUX and 
Sample/Hold. Compatible with 

All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duplex Serial I/O. 

LTC1094C, M 

10 Bit Serial I/O, Analog to 

Digital Converter System with 8 
Channel Multiplexer 

10 Bits 

± 1/2LSB (LTC1094A) 
Over Full 

Temperature Range 

20/iS 

2.5mA 

J, N 

10 Bit A to D with Built In 8 
Channel Analog MUX and 
Sample/Hold. Compatible with 

All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Half Duplex Serial I/O. 

LTC1099C, M 

8 Bit, 2/iS Analog to Digital 
Converter with Built In Sample- 
and-Hold 

8 Bits 

±1LSB 

Over Full 

Temperature Range 

2/iS 

15mA 

J,N,S 

Built In S/H Allows Direct 
Conversion of 5Vp-p Signals up 
to 167kHz. Pin Compatible with 
ADC0820 and AD7820. 

LTC1290C, M 

12 Bit, Serial I/O, Analog to 
Digital Converter with 8 

Channel Multiplexer. Full 

Duplex Serial Interface. 

12 Bits 

±1LSB 

Over Full 

Temperature Range 

13/ts 

5mA 

J, N,S 

12 Bit ADC with Built In 8 

Channel Analog MUX and 
Sample/Hold. Compatible with 

All Microprocessors with Serial 
Ports. Software Configurable 
Bipolar or Unipolar Operation. 
Full Duplex Serial I/O. 
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F€RT(JR€S 

■ Software Programmable Features: 

Unipolar/Bipolar Conversions 
4 Differential/8 Single Ended Inputs 
MSB or LSB First Data Sequence 
Variable Data Word Length 

■ Built-In Sample and Hold 

■ Single Supply 5 V, 10V or ± 5V Operation 

■ Direct 4 Wire Interface to Most MPU Serial Ports and All 
MPU Parallel Ports 

■ 30kHz Maximum Throughput Rate 


K€V SPCCIFICRTIORS 

■ Resolution 10 Bits 

■ Total Unadjusted Error (LTC1090A) ± 1/2LSB Max 

■ Conversion Time 22/iS 

■ Supply Current 2.5mA Max, 1.0mA Typ 


Single Chip 10-Bit Data 
Acquisition System 

DCSCRIPTIOn 

The LTC1090 is a data acquisition component which con- 
tains a serial I/O successive approximation A/D converter. 
It uses LTCMOS™ switched capacitor technology to per- 
form either 10-bit unipolar, or 9-bit plus sign bipolar A/D 
conversions. The 8-channel input multiplexer can be con- 
figured for either single ended or differential inputs (or 
combinations thereof). An on-chip sample and hold is in- 
cluded for all single ended input channels. 

The serial I/O is designed to be compatible with industry 
standard full duplex serial interfaces. It allows either MSB 
or LSB first data and automatically provides 2’s comple- 
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8, 10, 12 or 16 bits. 
This allows easy interface to shift registers and a variety 
of processors. 

The LTC1090A is specified with total unadjusted error (in- 
cluding the effects of offset, linearity and gain errors) less 
than ±0.5LSB. 

The LTC1090 is specified with offset and linearity less 
than ± 0.5LSB but with a gain error limit of ± 2LSB for ap- 
plications where gain is adjustable or less critical. 

LTCMOS is a trademark of Linear Technology Corp. 


TVPICfll RPPIICRTIOR 
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Linearity Plot 
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absolute maximum ratiags 


PACKAG€/ORD€R IAFORA1ATIOA 


(Notes 1 and 2) 


Supply Voltage (Vcc) to GND or V~ 12V 

Negative Supply Voltage (V - ) - 6V to GND 

Voltage 

Analog and Reference 

Inputs (V ') -0.3V to V C c + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs - 0.3V to Vcc + 0.3V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1090AC, LTC1090C -40°Cto85°C 

LTC1090AM, LTC1090M - 55°C to 125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


TOP VIEW 



ORDER PART 
NUMBER 


LTC1 090AM J 

LTC1090MJ 

LTC1090ACJ 

LTC1090CJ 

LTC1090ACN 

LTC1090CN 


R€COmm€RD€D OPCRATIAG CORDITIORS 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1090/LTC1090A 

MIN MAX 

UNITS 

V CC 

Positive Supply Voltage 

V“=0V 

4.5 10 

V 

V" 

Negative Supply Voltage 

V CC = 5V 

-5.5 0 

V 

fsCLK 

Shift Clock Frequency 

V CC = 5V 

0 1.0 

MHz 

UCLK 

A/D Clock Frequency 

V CC = 5V 

fsCLK 2.0 

MHz 

tcYC 

Total Cycle Time 

See Operating Sequence 

10SCLK + 

48 ACLK 

Cycles 

tfiCS 

Hold Time, CS Low After Last SCLK1 

V cc = 5V 

0 

ns 

tfiDI 

Hold Time, D, N After SCLKI 

V CC = 5V 

150 

ns 

^suCS 

Setup Time CS l Before Clocking in First Address Bit (Note 9) 

V CC = 5V 

2 ACLK Cycles 
+ Vs 


tsuDI 

Setup Time, D !N Stable Before SCLKI 

V CC = 5V 

400 

ns 

V/HACLK 

ACLK High Time 

V CC = 5V 

127 

ns 

V/LACLK 

ACLK Low Time 

Vcc=5V 

200 

ns 

^WHCS 

CS High Time During Conversion 

V CC =5V 

44 

ACLK 

Cycles 


CORV€RT€R RAD mUlTIPl€X€R CHARACTERISTICS (Note 3) 


PARAMETER 

CONDITIONS 

LTC1090A 

MIN TYP MAX 

LTC1090 

MIN TYP MAX 

UNITS 

Offset Error 

(Note 4) 

• 

±0.5 

±0.5 

LSB 

Linearity Error 

(Notes 4 and 5) 

• 

±0.5 

±0.5 

LSB 

Gain Error 

(Note 4) 

• 

±0.5 

±2.0 

LSB 

Total Unadjusted Error 

V REF = 5.000V 
(Notes 4 and 6) 

• 

±0.5 


LSB 
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COnV€RT€R RRD fVHJlTIPl€X€R CHARACTERISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC1090A 

MIN TYP MAX 

LTC1090 

MIN TYP MAX 

UNITS 

Reference Input Resistance 



10 

10 

kfi 

Analog and REF Input Range 

(Note 7) 


(V -)- 0.05V to V cc + 0.05V ! 

V 

On Channel Leakage Current 
(Note 8) 

On Channel = 5V 

Off Channel = 0V 

• 

1 

1 

pA 

On Channel = 0V 

Off Channel = 5V 

• 

-1 

-1 

m a 

Off Channel Leakage Current 
(Note 8) 

On Channel = 5V 

Off Channel = 0V 

• 

-1 

-1 

lik 

On Channel = 0V 

Off Channel = 5V 

• 

1 

1 

lik 


RC CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 090/LTC1 090A 

MIN TYP MAX 

UNITS 

Ucc 

Delay Time From CSi to D 0 ut Data Valid 

(Note 9) 


2 

ACLK Cycles 

tSMPL 

Analog Input SampleTime 

See Operating Sequence 


5 

SCLK Cycles 

tcONV 

Conversion Time 

See Operating Sequence 


44 

ACLK Cycles 

tdDO 

Delay Time, SCLKl to D 0 ut Data Valid 

See Test Circuits 

• 

250 

450 

ns 

fdis 

Delay Time, CSt to D 0 ut Hi-Z 

See Test Circuits 

• 

140 

300 

ns 

fen 

Delay Time, 2nd CLK1 to D 0 ut Enabled 

See Test Circuits 

• 

150 

400 

ns 

fhDO 

Time Output Data Remains Valid After SCLKl 



| 50 

ns 

tf 

D 0 ut Fall Time 

See Test Circuits 

• 

90 

300 

ns 

tr 

Dqut Rise Time 

See Test Circuits 

• 

60 

300 

ns 

C|N 

Input Capacitance 

Analog Inputs On Channel 

[ 

65 


pF 



Off Channel 

i 

5 


PF 



Digital Inputs 


5 


PF 


DIGITAL AAD DC ELECTRICAL CHARACTERISTICS (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1090/LTC1090A 

MIN TYP MAX 

UNITS 

V| H 

High Level Input Voltage 

V CC = 5.25V 

• 

2.0 

V 

V,L 

Low Level Input Voltage 

V CC = 4.75V 

• 

0.8 

V 

•iH 

High Level Input Current 

V IN = V CC 

• 

2.5 

iik 

IlL 

Low Level Input Current 

V| N = 0V 

• 

-2.5 

Ilk 

V 0H 

High Level Output Voltage 

v cc = 4.75V, l 0 = 10/iA 


4.7 

V 



l 0 = 360/xA 

• 

2.4 4.0 

V 

VOL 

Low Level Output Voltage 

V cc = 4.75V, l 0 = 1.6mA 

• 

0.4 

V 

•oz 

Hi-Z Output Leakage 

VouT = Vcc>DSHigh 

• 

3 

Ilk 



V O UT = 0V, CS High 

• 

-3 

/iA 

•source 

Output Source Current 

Vqut = 0V 


-10 

mA 

•sink 

Output Sink Current 

8 

> 

ii 

o 

> 


10 

mA 

•cc 

Positive Supply Current 

CS High, REF + Open 

• 

1.0 2.5 

mA 

•ref 

Reference Current 

Vref = 5V 

• 

0.5 1.0 

mA 

r 

Negative Supply Current 

CS High, V - = -5V 

• 

1 50 

*A 
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LTC1090 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND 
and REF~ wired together (unless otherwise noted). 

Note 3: V CC = 5V, V REF + =5V,V REF - =0V, V" =0V for unipolar mode and 
- 5V for bipolar mode, ACLK = 2.0 MHz, SCLK = 0.5MHz unless otherwise 
specified. The • indicates specs which apply over the full operating tem- 
perature range; all other limits and typicals T A = 25°C. 

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2V REF ) divided by 1024. 

For example, when V REF = 5V, 1 LSB (bipolar) = 2(5V)/1 024 = 9.77mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 

Note 6: Total unadjusted error includes offset, gain, linearity, multiplexer 
and hold step errors. 


Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V" or one diode drop above V cc . Be careful during testing at low V cc 
levels (4.5V), as high level reference or analog inputs (5 V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute 0V to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in- 
ternal circuitry waits for two ACLK falling edges after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini- 
mum chip select setup time has elapsed. 


T€ST CIRCUITS 


On and Off Channel Leakage Current 


Voltage Waveforms for Dqut Delay Time, tdoo 



SCLK \ 

e 0.8V 

— tdDO — 


Dqut ^ 

t 


Voltage Waveform for Dqut Rise and Fall Times, t r , tf 



Voltage Waveforms for t en and tdis 


1 2 



NOTE 1: WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL. 

NOTE 2: WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE OUTPUT 
IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL. 
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T€ST CIRCUITS 




Load Circuit fortes and t en 

Load Circuit for tdDO> t r , and tf 


TEST 


1.4V 

l 


POINT 

3kt2 

5 V WAVEFORM 2 

e 3kn 


^lOOpF 

^ WAVEFORM 1 

100pF 






pin Funcnons 


# 

PIN 

FUNCTION 

DESCRIPTION 

1-8 

CH0-CH7 

Analog Inputs 

The analog inputs must be free of noise with respect to AGND. 

9 

COM 

Common 

The common pin defines the zero reference point for all single ended inputs. It must be free of 
noise and is usually tied to the analog ground plane. 

10 

DGND 

Digital Ground 

This is the ground for the internal logic. Tie to the ground plane. 

11 

AGND 

Analog Ground 

AGND should be tied directly to the analog ground plane. 

12 

V" 

Negative Supply 

Tie V" to most negative potential in the circuit. (Ground in single supply applications.) 

13,14 

REF", REF + 

Reference Inputs 

The reference inputs must be kept free of noise with respect to AGND 

15 

CS 

Chip Select Input 

A logic low on this input enables data transfer. 

16 

D OUT 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

17 

Din 

Data Input 

The A/D configuration word is shifted into this input. 

18 

SCLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

19 

ACLK 

A/D Conversion Clock 

This clock controls the A/D conversion process. 

20 

v cc 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the analog ground 
plane. 
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LTC1090 


typical PCRFonmnnce ch aractcristics 


Supply Current vs Supply Voltage Supply Current vs Temperature Reference Current vs Temperature 



4 5 6 7 8 9 10 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 

SUPPLY VOLTAGE, V cc (V) AMBIENT TEMPERATURE, T A (°C) AMBIENT TEMPERATURE, T A (°C) 


Unadjusted Offset Error vs Linearity Error vs Reference Change in Gain Error vs Reference 

Reference Voltage Voltage Voltage 



0.2 1.0 5.0 0 1 2 3 4 5 0 1 2 3 4 5 


REFERENCE VOLTAGE, V REF (V) REFERENCE VOLTAGE, V REF (V) REFERENCE VOLTAGE, V REF (V) 


Change in Gain Error vs Supply 

Offset Error vs Supply Voltage Linearity Error vs Supply Voltage Voltage 



4 

5 6 7 8 9 

10 

4 

5 6 7 8 9 

10 

4 

5 6 7 8 


SUPPLY VOLTAGE, V CC (V) 



SUPPLY VOLTAGE, V cc (V) 



SUPPLY VOLTAGE, V cc (V) 
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TVPICAl PCRFOAfflAACC CHARACTERISTICS 


Change in Offset Error 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Change in Linearity Error 
vs Temperature 


^ 0.6 

| °‘ 5 
z 

51 0.4 

llT 

CD 

^ 0.3 

o 

>- 

| 02 

z 

o 0 1 






> 5 
1 ? 







-K = 2IV 

Hz 



























____ 




-50 -25 0 25 50 75 100 

AMBIENT TEMPERATURE, T A (°C) 


Change in Gain Error 
vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Maximum Conversion Clock Rate 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Maximum Conversion Clock Rate 
vs Reference Voltage 



0 1 2 3 4 5 

REFERENCE VOLTAGE, V REF (V) 


Maximum Conversion Clock Rate 
vs Source Resistance 



Maximum Filter Resistor vs Cycle 
Time 



10 100 1000 10k 

CYCLE TIME, t CYC (/*s) 


Maximum Conversion Clock Rate 
vs Supply Voltage 

7 

6 
5 
4 
3 
2 
1 
0 

4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V cc (V) 



Sample and Hold Acquisition 
Time vs Source Resistance 



100 Ik 10k 

R source + ( n ) 



‘MAXIMUM ACLK FREQUENCY REPRESENTS THE ACLK FREQUENCY AT WHICH A 0.1LSB SHIFT “MAXIMUM R F | LTE r REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0 1LSB 

IN THE ERROR AT ANY CODE TRANSITION FROM ITS 2MHz VALUE IS FIRST DETECTED. CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT R FILTER =0 IS FIRST DETECTED. 


/Tuim 

JtkmmW TECHNOLOGY 


9-11 












LTC1090 


TYPICAL P€RFOfi(tlAAC€ CHRRRCTCRISTICS 


Digital Input Logic Threshold vs 
Supply Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V cc (V) 


Input Channel Leakage Current vs 

Temperature Noise Error vs Reference Voltage 




-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


0.2 1 5 

REFERENCE VOLTAGE, V REF (V) 


Appucnnons inFORmnTion 

The LTC1090 is a data acquisition component which con- 
tains the following functional blocks: 

1. 10-bit successive approximation capacitive 
A/D converter 

2. Analog multiplexer (MUX) 

3. Sample and hold (S/H) 

4. Synchronous, full duplex serial interface 

5. Control and timing logic 


DIGITAL CONSIDERATIONS 
1. Serial Interface 

The LTC1090 communicates with microprocessors and 
other external circuitry via a synchronous, full duplex, four 
wire serial interface (see Operating Sequence). The shift 
clock (SCLK) synchronizes the data transfer with each bit 
being transmitted on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting and receiving 
systems. The data is transmitted and received simultane- 
ously (full duplex). 


Operating Sequence 

(Example: Differential Inputs (CH3-CH2), Bipolar, MSB First and 10-Bit Word Length) 


SCLK 

t C YC *- 

111 1 1 1 5 1 1 1 8j | 10 | 

_jLnjmjmrmnrLM 

nnnnnnnnnn 

CS 

r* tcMDI tfDNV 

r 

J OIVlrL J lAHVV 

1 






SHIFT A/D RESULT OUT AND 
NEW CONFIGURATION WORD IN 
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Data transfer is initiated_by a falling chip select (CS) 
signal. After the falling CS is recognized, an 8-bit input 
word is shifted into the Din input which configures the 
LTC1090 for the next conversion. Simultaneously, the re- 
sult of the previous conversion is output on the Dout line. 
At the end ofthe data exchange the requested conversion 
begins and CS should be brought high. After torn the 
conversion is complete and the results will be available on 
the next data transfer cycle. As shown below, the result of 
a conversion is delayed by one CS cycle from the input 
word requesting it. 


Din 

Dqut 


Dim Word 1 


D 0 y T WordO 


Data 

Transfer ' 


tcONV 
A/D - 
Conversion 


D| N Word 2 


P 0UT Word 1 


. -Data_ 

' Transfer ’ 


*CONV 

A/D — i 

Conversion 


i Dim Word 3 | 
I Dqut Word 2 | 


2. Input Data Word 

The LTC1090 8-bit input data word is clocked into the Dug 
input on the first eight rising SCLK edges after chip select 
is recognized. Furtherjnputs on the Din pin are then ig- 
nored until the next CS cycle. The eight bits of the input 
word are defined as follows: 


Multiplexer (MUX) Address 

The first four bits of the input word assign the MUX con- 
figuration for the requested conversion. For a given chan- 
nel selection, the converter will measure the voltage 
between the two channels indicated by the + and - signs 
in the selected row of Table 1. Note that in differential 
mode (SGL/DIFF = 0) measurements are limited to four 
adjacent input pairs with either polarity. In single ended 
mode, all input channels are measured with respect to 
COM. Figure 1 shows some examples of multiplexer 
assignments. 


Table 1. Multiplexer Channel Selection 


MUX ADDRESS 

DIFFERENTIAL CHANNEL SELECTION | 

SGL/ 

DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 0 

+ 

- 







0 

0 

0 1 



+ 

- 





0 

0 

1 0 





+ 

- 



0 

0 

1 1 







+ 

- 

0 

1 

0 0 

- 

+ 







0 

1 

0 1 



- 

+ 





0 

1 

1 0 





- 

+ 



0 

1 

1 1 







- 

+ 


Unipolar/ 

Data Input (D, N ) Word: Bipolar Word Length 


SGL / 
DIFF 

ODD / 
SIGN 

SELECT 

1 

SELECT 

0 

UNI 

MSBF 

WL1 

WLO 


MUX Address MSB First/ 

LSB First 


MUX ADDRESS 

SINGLE ENDED CHANNEL SELECTION | 

SGL/ 

DIFF 

ODD/ 

SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

1 

0 

0 0 

+ 








- 

1 

0 

0 1 



+ 






- 

1 

0 

1 0 





+ 




- 

1 

0 

1 1 







+ 


- 

1 

1 

0 0 


+ 







- 

1 

1 

0 1 


1 

1 

+ 





- 

1 

1 

1 0 


1 




+ 



- 

1 

1 

1 1 





1 



+ 

- 
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4 Differential 8 Single Ended Combinations of Differential and Single Ended 



Changing the MUX Assignment “On the Fly” 



1ST CONVERSION “ 2ND CONVERSION 

Figure 1. Examples of Multiplexer Options on the LTC1090 

Unipolar/Bipolar (UNI) 

The fifth input bit (UNI) determines whether the conversion put voltage. When UNI is a logical zero, a bipolar conver- 
will be unipolar or bipolar. When UNI is a logical one, a sion will result. The input span and code assignment for 

unipolar conversion will be performed on the selected in- each conversion type are shown in the figures below. 


Unipolar Output Code (UNI = 1) 



Vref-ILSB 

Bipolar Output Code (UNI = 0) 
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Unipolar Transfer Curve (UNI = 1) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
<Vref=5V) 

1111111111 

Vref-ILSB 

4.9951V 

1111111110 

V ref -2LSB 

4.9902V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0049V 

0000000000 

OV 

OV 


Bipolar Transfer Curve (UNI = 0) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 5V) 

0111111111 

Vref-ILSB 

4.9902V 

0111111110 

V ref -2LSB 

4.9805V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0098V 

0000000000 

OV 

OV 

1111111111 

— 1 LSB 

-0.0098V 

1111111110 

-2LSB 

-0.0195V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1000000001 

-(V ref ) + 1LSB 

-4.9902V 

1000000000 

-(Vref) 

-5.000V 


MSB First/LSB First Format (MSBF) 

The output data of the LTC1090 is programmed for MSB 
first or LSB first sequence using the MSBF bit. For MSB 
first output data the input word clocked to the LTC1090 
should always contain a logical one in the sixth bit loca- 
tion (MSBF bit). Likewise for LSB first output data, the in- 
put word clocked to the LTC1090 should always contain a 
zero in the MSBF bit location. The MSBF bit in a given Din 
word will control the order of the next Dout word. The 
MSBF bit affects only the order of the output data word. 
The order of the input word is unaffected by this bit. 


MSBF 

OUTPUT FORMAT 

0 

LSB First 

1 

MSB First 


Word Length (WL1.WL0) 

The last two bits of the input word (WL1 and WLO) program 
the output data word length of the LTC1090. Word lengths 
of 8, 10, 12 or 16 bits can be selected according to the fol- 
lowing table. The WL1 and WLO bits in a given Din word 


control the length of the present, not the next, Dout word. 
WL1 and WLO are never “don’t cares” and must be set for 
the correct Dout word length even when a “dummy” Din 
word is sent. On any transfer cycle, the word length should 
be made equal to the number of SCLK cycles sent by the 
MPU. 


WL1 

WLO 

OUTPUT WORD LENGTH 

0 

0 

8 Bits 

0 

1 

10 Bits 

1 

0 

12 Bits 

1 

1 

16 Bits 


Figure 2 shows how the data output (Dout) timing can be 
controlled with word length selection and MSB/LSB first 
format selection. 

3. Deglitcher 

A deglitching circuit has been added to the Chip Select in- 
put of the LTC1090 to minimize the effects of errors 
caused by noise on that input. This circuit ignores 
changes in state on the CS input that are shorter in dura- 
tion than 1 ACLK cycle. After a change of state on the CS 
input, the LTC1090 waits for two falling edges of the ACLK 
before recognizing a valid chip select. One indication of 
CS low recognition is the Dout line becoming active (leav- 
ing the Hi-Z state). Note that the deglitching applies to 
both the rising and falling CS edges. 



> 


HIGH CS RECOGNIZED 
INTERNALLY 


XTU® 
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8-Bit Word Length 


-tSMPl - 


RJTJTJTJlJLrLR 


Dout . 
MSB FIRST 


°out . 
LSB FIRST 


(SB) 


B9 | B8 | B7 | B6 | B5 | B4 B3 J B2 L 
BO | B1 | B2 | B3 B4 B5 B6 B7 L- 


" l CONV 


THE LAST TWO BITS 
' ARE TRUNCATED 


10-Bit Word Length 


SCLK 


-t SMPL- 


Rjuumimanii 


(SB) 


d out . 
MSB FIRST 


B9 | B8 | B7 | B6 | B5 | B4 B3 | B2 | B1 | BO L 

(SB) 


°0UT . 
LSB FIRST 


^ BO | B1 | B2 | 


B3 B4 I B5 I B6 I B7 


-tCQNV 


12-Bit Word Length 

cs \ 


_t SMPL _ 


_t C0NV 




jmriruiJijmrLimR. 


(SB) 


d out . 
MSB FIRST 


-J B9 | B8 B7 | B6 B5 | B4 B3 B2 B1 BO 


FILL 

ZEROES 


(SB) 


°0UT _ 
LSB FIRST 


BO | B1 | B2 | B3 B4 B5 | B6 | B7 B8 B9 


16-Bit Word Length 

cs 


A. 


_t SMPL“ 


J 


-tC0NV 




(SB) 

J B9 I B8 I B7 I B6 I B5 I B4 B3 


| B2 | B1 | BO | 


°0UT — 

MSB FIRST 

(SB) 

LSB HRST ^ BO | B1 | B2 | B3 B4 | B5 | B6 B7 B8 B9 


FILL 

ZEROES 


*IN UNIPOLAR MODE, THESE BITS ARE FILLED WITH ZEROES. 

IN BIPOLAR MODE, THE SIGN BIT IS EXTENDED INTO THESE LOCATIONS. 


Figure 2. Data Output (Dout) Timing with Different Word Lengths 
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4. CS Low During Conversion 

In the normal mode of operation, CS is brought high during will become active with the first output bit. Then the data 

the conversion time (seejFigure 3). The serial port ignores transfer can begin as normal. 

any SCLK activity while CS is high. The LTC1090 will also .... ... 

operate with CS low during the conversion. In this mode, 5- Mlcro P rocessor Interfaces 

SCLK must remain low during the conversion as shown in The LTC1090 can interface directly (without external hard- 

Figure 4. After the conversion is complete, the Dqut line ware) to most popular microprocessor (MPU) synchronous 


SHIFT l SMPL 



»« _mrriJiJTriJiriJiri imriJT_jmrijmriJi^^ 



Figure! CS High During Conversion 


SHIFT t SMPL 



Figure 4. CS Low During Conversion 
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serial formats (see Table 2). If an MPU without a serial in- 
terface is used, then 4 of the MPU’s parallel port lines can 
be programmed to form the serial link to the LTC1090. In- 
cluded here are three serial interface examples and one 
example showing a parallel port programmed to form the 
serial interface. 

Table 2. Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1090* * 


PART NUMBER 

TYPE OF INTERFACE | 

Motorola 

MC6805S2, S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA j 

CDP68HC05 

SPI j 

Hitachi 

HD6305 

SCI Synchronous 

HD63705 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

National Semiconductor 

COP400 Family 

MICROWIREt 

COP800 Family 

MICROWIRE/PLUSt 

NS8050U 

MICROWIRE/PLUS 

H PC 16000 Family 

MICROWIRE/PLUS 

Texas Instruments 

TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS3201 1 * 

Serial Port 

TMS32020* 

Serial Port 


* Requires external hardware 

* ‘Contact factory for interface information for processors not on this list 
fMICROWIRE and MICROWIRE/PLUS are trademarks of National 
Semiconductor Corp. 


Serial Port Microprocessors 

Most synchronous serial formats contain a shift clock 
(SCLK) and two data lines, one for transmitting and one for 
receiving. In most cases data bits are transmitted on the 
falling edge of the clock (SCLK) and captured on the rising 
edge. However, serial port formats vary among MPU man- 
ufacturers as to the smallest number of bits that can be 
sent in one group (e.g., 4-bit, 8-bit or 16-bit transfers). They 
also vary as to the order in which the bits are transmitted 
(LSB or MSB first). The following examples show how the 
LTC1090 accommodates these differences. 


National MICROWIRE(COP420) 

The COP420 transfers data MSB first and in 4-bit incre- 
ments (nibbles). This is easily accommodated by setting 
the LTC1090 to MSB first format and 12-bit word length. 
The data output word is then received by the COP420 in 
three 4-bit blocks with the final two unused bits filled with 
zeroes by the LTC1090. 

Hardware and Software Interface to National Semiconductor 
COP420 Processor 


ANALOG 

INPUTS 



Dout from LTC1090 stored in COP420 RAM 
MSB* 


Location A 
Location A + 1 
Location A + 2 



first 4 bits 
second 4 bits 
third 4 bits 


tB9 is MSB in unipolar or sign bit in bipolar 


MNEMONIC 

DESCRIPTION 

LEI 

Enable SIO 

SC 

Set Carry flag 

OGI 

GO is set to 0 (CS goes low) 

LDD 

Load first 4 bits of D| N to ACC 

XAS 

Swap ACC with SIO reg. Starts SK Clk 

LDD 

Load 2nd 4 bits of D| N to ACC 

NOP 

Timing 

XAS 

Swap first 4 bits from A/D with ACC. SK continues. 

XIS 

Put first 4 bits in RAM (location A) 

NOP 

Timing 

XAS 

Swap 2nd 4 bits from A/D with ACC. SK continues. 

XIS 

Put 2nd 4 bits in RAM (location A + 1) 

RC 

Clear Carry 

NOP 

Timing 

XAS 

Swap 3rd 4 bits from A/D with ACC. SK off 

XIS 

Put 3rd 4 bits in RAM (location A + 2) 

OGI 

GO is set to 1 (CS goes high) 

LEI 

Disable SIO 
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Motorola SPI (MC68HC05C4) 

The MC68HC05C4 transfers data MSB first and in 8-bit in- 
crements. Programming the LTC1090 for MSB first format 
and 16-bit word length allows the 10-bit data output to be 
received by the MPU as two 8-bit bytes with the final 6 un- 
used bits filled with zeroes by the LTC1090. 

Hardware and Software Interface to Motorola MC68HC0SC4 
Processor 


Hitachi Synchronous SCI (HD63705) 

The HD63705 transfers serial data in 8-bit increments, LSB 
first. To accommodate this, the LTC1090 is programmed 
for 16-bit word length and LSB first format. The 10-bit out- 
put data is received by the processor as two 8-bit bytes, 
LSB first. The LTC1090 fills the final 6 unused bits (after 
the MSB) with zeroes in unipolar mode and with the sign 
bit in bipolar mode. 

Hardware and Software Interface to Hitachi HD63705 Processor 


ANALOG 

INPUTS 


r 

cs 







SCLK 


SCK 

• 



• 

• 

, ft IN 


MOSI 

• 



yicn 


"out 


IvfloU 


Dout from LTC1090 stored in MC68HC05C4 RAM 
MSB* 


ANALOG 

INPUTS 



Dout from LTC1090 stored in HD63705 RAM 


LSB 


Location A 

B9 B8 B7 B6 B5 B4 B3 B2 

byte 1 

Location A 

B7 B6 B5 B4 B3 B2 B1 BO 


LSB 



Sign-* 

Location A + 1 

B1 BO 0 0 0 0 0 0 

byte 2 

Location A + 1 

B9 B9 B9 B9 B9 B9 B9 B8 


Bipolar 


*B9 is MSB in unipolar or sign bit in bipolar 


LSB 


MNEMONIC 

DESCRIPTION 

BCLRn 

CO is cleared (CS goes low) 

LDA 

Load D| N for LTC1090 into ACC 

STA 

1 

Load D| N from ACC to SPI data reg. Start SCK 

NOP 

1 

8NOPs for timing 

LDA 

Load contents of SPI status reg. into ACC 

LDA 

Load LTC1090 D 0 ut from SPI data reg. into ACC (byte 1) 

STA 

Load LTC1090 D 0UT into RAM (location A) 

STA 

1 

Start next SPI cycle 

NOP 

j 

6 NOPs for timing 

BSETn 

CO is set (CS goes high) 

LDA 

Load contents of SPI status reg. into ACC 

LDA 

Load LTC1090 D 0 ut from SPI data reg. into ACC (byte 2) 

STA 

Load LTC1090 D 0UT into RAM (location A + 1) 


Location A 
Location A + 1 


B7 B6 B5 B4 B3 B2 B1 BO 


MSB 


0 0 0 0 0 0 B9 B8 


Unipolar 


byte 1 
byte 2 

byte 1 
byte 2 


MNEMONIC 

DESCRIPTION 

LDA 

Load D| N word for LTC1090 into ACC from RAM 

BCLRn 

CO cleared (CS goes low) 

STA 

Load D| N word for LTC1090 into SCI data reg from ACC 

1 

and start clocking data (LSB first) 

NOP 

1 

6 NOPs for timing 

LDA 

Load contents of SCI data reg into ACC (byte 1) 

Start next SCI cycle 

STA 

Load LTC1090 D 0 ut word into RAM (Location A) 

NOP 

Timing _ 

BSETn 

CO set (CS goes high). 

LDA 

Load contents of SCI data reg into ACC (byte 2) 

STA 

Load LTC1090 D 0 ut word into RAM (Location A + 1) 
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Parallel Port Microprocessors 

When interfacing the LTC1090 to an MPU which has a 
parallel port, the serial signals are created on the port with 
software. Three MPU port lines are programmed to create 
the CS, SCLK and Din signals for the LTC1090. A fourth 
port line reads the Dout line. An example is made of the 
Intel 8051/8052/80C252 family. 

Intel 8051 

To interface to the 8051, the LTC1090 is programmed for 
MSB first format and 10-bit word length. The 8051 gener- 
ates CS, SCLK and Din on three port lines and reads Dout 
on the fourth. 

Hardware and Software Interface to Intel 8051 Processor 


LTC1090 8051 



Dqut from LTC1090 stored in 8051 RAM 


MSB* 



*B9 is MSB in unipolar or sign bit in bipolar 


8051 Code 


MNEMONIC 

DESCRIPTION 

MOV P1,#02H 

Initialize port 1 (bit 1 is made 


an input) 

CLRP1.3 

SCLK goes low 

SETB PI. 4 

CS goes high 

CONTINUE: MOVA,#0DH 

D !N word for the LTC1090 is 


placed in ACC. 

CLRP1.4 

CS goes low 

MOV R4,#08 

Load counter 

NOP 

Delay fordeglitcher 

LOOP: MOVC, PI. 1 

Read data bit into carry 

RLC A 

Rotate data bit into ACC 

MOV PI .2,0 

Output D, n bit to LTC1090 

SETB PI .3 

SCLK goes high 

CLRP1.3 

SCLK goes low 

DJNZR4, LOOP 

Next bit 

MOV R2, A 

Store MSBs in R2 

MOVC, P1.1 

Read data bit into carry 

CLR A 

Clear ACC 

RLC A 

Rotate data bit into ACC 

SETB PI .3 

SCLK goes high 

CLR PI .3 

SCLK goes low 

MOVC, P1.1 

Read data bit into carry 

RRC A 

Rotate right into ACC 

RRC A 

Rotate right into ACC 

MOV R3, A 

Store LSBs in R3 

SETB PI .3 

SCLK goes high 

CLR PI .3 

SCLK goes low 

SETB PI .4 

CS goes high 

MOV R5,#07H 

Load counter 

DELAY: DJNZR5, DELAY 

Delay for LTC1090 to perform 


conversion 

AJMPCONTINUE 

Repeat program 


6. Sharing the Serial Interface 

The LTC1090 can share the same 3 wire serial interface 
with other peripheral components or other LTC1090s (see 
Figure 5). In this case, the CS signals decide which 
LTC1090 is being addressed by the MPU. 



3 WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC1 090s 


8 CHANNELS 


8 CHANNELS 


8 CHANNELS 


Figure 5. Several LTC1090S Sharing One 3 Wire Serial Interface 


9-20 


XT W 













LTC1090 


APPUCATIOAS INFOAmATlOA 

ANALOG CONSIDERATIONS 

1. Grounding 

The LTC1090 should be used with an analog ground plane 
and single point grounding techniques. 

Pin 11 (AGND) should be tied directly to this ground plane. 

Pin 10 (DGND) can also be tied directly to this ground 
plane because minimal digital noise is generated within 
the chip itself. 

Pin 20 (Vcc) should be bypassed to the ground plane with a 
4.7/tF tantalum with leads as short as possible. Pin 12 (V - ) 
should be bypassed with a 0.1 pF ceramic disk. For single 
supply applications, V - can be tied to the ground plane. 

It is also recommended that pin 13 (REF - ) and pin 9 (COM) 
be tied directly to the ground plane. All analog inputs 
should be referenced directly to the single point ground. 
Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 

Figure 6 shows an example of an ideal ground plane de- 
sign for a two sided board. Of course this much ground 
plane will not always be possible, but users should strive 
to get as close to this ideal as possible. 

2. Bypassing 

For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below ImV by bypassing the Vcc pin directly to the analog 
ground plane with a 4.7/iF tantalum with leads as short as 
possible. Figures 7 and 8 show the effects of good and 
poor Vcc bypassing. 

3. Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1090 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. 




HORIZONTAL: 10,iS/DIV 


Figure 7. Poor Vcc Bypassing. Noise and Ripple 
can Cause A/D Errors 



HORIZONTAL: 10jiS/DIV 


Figure 8. Good Vcc Bypassing Keeps Noise and Ripple 
on Vcc Below ImV 
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However, if large source resistances are used or if slow 
settling op amps drive the inputs, care must be taken to in- 
sure that the transients caused by the current spikes set- 
tle completely before the conversion begins. 

Source Resistance 

The analog inputs of the LTC1090 look like a 60pF capaci- 
tor (Cin) is series with a 500Q resistor (Ron) as shown in 
Figure 9. Cin gets switched between the selected “ + ” and 
“ - ” inputs once during each conversion cycle. Large ex- 
ternal source resistors and capacitances will slow the set- 
tling of the inputs. It is important that the overall RC time 
constants be short enough to allow the analog inputs to 
completely settle within the allowed time. 


“ + ” Input Settling 

This input capacitor is switched onto the “ + ” input during 
the sample phase (tsMPL, see Figure 1 0). The sample phase 
starts at the 4th SCLK cycle and lasts until the falling edge 
of the last SCLK (the 8th, 10th, 12th or 16th SCLK cycle 
depending on the selected word length). The voltage on 
the “ + ” input must settle completely within this sample 
time. Minimizing Rsource + and Cl will improve the input 
settling time. If large “ + ” input source resistance must be 
used, the sample time can be increased by using a slower 
SCLK frequency or selecting a longer word length. With 
the minimum possible sample time of 4ps, Rsource + <2k 
and Cl < 20pF will provide adequate settling. 

“-"Input Settling 


R SOURCE + 


T 

n SOURCE ■ INPUT 

vin - w v ♦ n 




Figure 9. Analog Input Equivalent Circuit 


At the end of the sample phase the input capacitor 
switches to the “ - ” input and the conversion starts (see 
Figure 10). During the conversion, the “ + ” input voltage is 
effectively “held” by the sample and hold and will not af- 
fect the conversion result. However, it is critical that the 
input voltage be free of noise and settle completely 
during the first four ACLK cycles of the conversion time. 
Minimizing Rsource' and C2 will improve settling time. If 
large input source resistance must be used, the time 
allowed for settling can be extended by using a slower 
ACLK frequency. At the maximum ACLK rate of 2MHz, 
Rsource" <1kfi and C2<20pF will provide adequate 
settling. 





Figure 10. “+ ” and “ - ” Input Settling Windows 


9-22 


rruum 

^4 Lw/ TECHNOLOGY 





LTC1090 


RPPUCATIOnS INFORfltATIOn 

Input Op Amps 

When driving the analog inputs with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 10). Again, the “ + ” and “ - ” input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1006 and 
LT1013 single supply op amps can be made to settle well 
even with the minimum settling windows of 4/iS (“ + ” 
input) and 2 /js input) which occur at the maximum 
clock rates (ACLK=2MHz and SCLK=1MHz). Figures 11 
and 12 show examples of adequate and poor op amp 



HORIZONTAL: l^s/DIV 


Figure 11. Adequate Settling of Op Amp Driving Analog Input 



HORIZONTAL: 20^/DIV 


Figure 1 2. Poor Op Amp Settling can Cause A/D Errors 
RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 13. For large values of Cf (e.g., fyF), the 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap- 
proximately Idc = 60pF x Viiq/tcYC and is roughly propor- 
tional to Vim. When running at the minimum cycle time of 
33fiS, the input current equals 9/iA at Vin = 5 V. In this case, 
a filter resistor of 508 will cause 0.1 LSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 


inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs Cycle Time. 


R FILTER — DC »> 




-p-C FILTER 

LTC1090 

J, 



Figure 13. RC Input Filtering 


Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification of 1/tA (at 125°C) flowing 
through a source resistance of IkO will cause a voltage 
drop of ImV or 0.2LSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel Leakage Current vs 
Temperature). 

Noise Coupling into Inputs 

High source resistance input signals (>5008) are more 
sensitive to coupling from external sources. It is prefer- 
able to use channels near the center of the package (i.e., 
CH2-CH7) for signals which have the highest output re- 
sistance because they are essentially shielded by the pins 
on the package ends (DGND and CH0). Grounding any un- 
used inputs (especially the end pin, CH0) will also reduce 
outside coupling into high source resistances. 

4. Sample and Hold 
Single Ended Inputs 

The LTC1090 provides a built-in sample and hold (S&H) 
function for all signals acquired in the single ended mode 
(COM pin grounded). This sample and hold allows the 
LTC1090 to convert rapidly varying signals (see typical 
curve of S&H Acquisition Time vs Source Resistance). The 
input voltage is sampled during the tsMPLtime as shown in 
Figure 10. The sampling interval begins after the fourth 
MUX address bit is shifted in and continues during the 
remainder of the data transfer. On the falling edge of the 
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final SCLK, the S&H goes into hold mode and the conver- 
sion begins. The voltage will be held on either the 8th, 
10th, 12th or 16th falling edge of the SCLK depending on 
the word length selected. 

Differential Inputs 

With differential inputs or when the COM pin is not tied to 
ground, the A/D no longer converts just a single voltage 
but rather the difference between two voltages. In these 
cases, the voltage on the selected “ + ” input is still sam- 
pled and held and therefore may be rapidly time varying 
just as in single ended mode. However, the voltage on the 
selected input must remain constant and be free of 
noise and ripple throughout the conversion time. Other- 
wise, the differencing operation may not be performed 
accurately. The conversion time is 44 ACLK cycles. There- 
fore, a change in the “ - ” input voltage during this interval 
can cause conversion errors. For a sinusoidal voltage on 
the “ - ” input this error would be: 

VeRROR (MAX) = VpEAK X 2 X TT X f(“ - ”) X 44/f ACLK 

Where f(“-”) is the frequency of the input voltage, 
Vpeak is its peak amplitude and fACLK is the frequency of 
the ACLK. In most cases Verror will not be significant. 
For a 60Hz signal on the input to generate a 1/4LSB 
error (1 ,25m V) with the converter running at ACLK = 2MHz, 
its peak value would have to be 150mV. 

5. Reference Inputs 

The voltage between the reference inputs of the LTC1090 
defines the voltage span of the A/D converter. The refer- 
ence inputs look primarily like a 10kQ resistor but will have 
transient capacitive switching currents due to the 
switched capacitor conversion technique (see Figure 14). 
During each bit test of the conversion (every 4 ACLK cy- 
cles), a capacitive current spike will be generated on the 
reference pins by the A/D. These current spikes settle 
quickly and do not cause a problem. However, if slow set- 
tling circuitry is used to drive the reference inputs, care 
must be taken to insure that transients caused by these 
current spikes settle completely during each bit test of the 
conversion. 

When driving the reference inputs, three things should be 
kept in mind: 


1. The source resistance (Rout) driving the reference in- 
puts should be low (less than IQ) to prevent DC drops 
caused by the 1 mA maximum reference current (Iref). 

2. Transients on the reference inputs caused by the 
capacitive switching currents must settle completely 
during each bit test (each 4 ACLK cycles). Figures 15 
and 16 show examples of both adequate and poor set- 
tling. Using a slower ACLK will allow more time for the 
reference to settle. However, even at the maximum 
ACLK rate of 2MHz most references and op amps can 
be made to settle within the 2/jS bit time. 

3. It is recommended that the REF - input be tied directly 
to the analog ground plane. If REF - is biased at a volt- 
age other than ground, the voltage must not change 
during a conversion cycle. This voltage must also be 
free of noise and ripple with respect to analog ground. 



Figure 14. Reference Input Equivalent Circuit 



HORIZONTAL: 1/iS/DIV 


Figure 15. Adequate Reference Settling 



Figure 16. Poor Reference Settling Can Cause A/D Errors 
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6. Reduced Reference Operation 

The effective resolution of the LTC1090 can be increased 
by reducing the input span of the converter. The LTC1090 
exhibits good linearity and gain over a wide range of refer- 
ence voltages (see typical curves of Linearity and Gain 
Error vs Reference Voltage). However, care must be taken 
when operating at low values of Vref because of the re- 
duced LSB step size and the resulting higher accuracy re- 
quirement placed on the converter. The following factors 
must be considered when operating at low Vref values. 

1. Conversion speed (ACLK frequency) 

2. Offset 

3. Noise 

Conversion Speed with Reduced Vref 

With reduced reference voltages, the LSB step size is re- 
duced and the LTC1090 internal comparator overdrive is 
reduced. With less overdrive, more time is required to per- 
form a conversion. Therefore, the maximum ACLK fre- 
quency should be reduced when low values of Vref are 
used. This is shown in the typical curve of Maximum Con- 
version Clock Rate vs Reference Voltage. 

Offset with Reduced Vref 

The offset of the LTC1090 has a larger effect on the output 
code when the A/D is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) be- 
comes a larger fraction of an LSB as the size of the LSB is 
reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos- For example, a 
Vos of 0.5mV which is 0.1 LSB with a 5V reference be- 


comes 0.5LSB with a IV reference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the “-’’input to the LTC1090. 

Noise with Reduced Vref 

The total input referred noise of the LTC1090 can be re- 
duced to approximately 200/tV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200/tV of noise. 

For operation with a 5V reference, the 200/tV noise is only 
0.04LSB peak-to-peak. In this case, the LTC1090 noise will 
contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a IV reference, this 
same 200 i/tV noise is 0.2LSB peak-to-peak. This will reduce 
the range of input voltages over which a stable output 
code can be achieved by 0.2LSB. If the reference is further 
reduced to 200mV, the 200/tV noise becomes equal to one 
LSB and a stable code may be difficult to achieve. In this 
case averaging readings may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, Vref, Vin or V - ) will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 


TVPICfll flPPUCflTIOnS 

A “Quick Look” Circuit for the LTC1090 

Users can get a quick look at the function and timing of 
the LTC1090 by using the following simple circuit. REF + 
and Din are tied to Vcc selecting a 5 V input span, CH7 as a 
single ended input, unipolar mode, MSB first format and 
16-bit word length. ACLK and SCLK are tied together and 


driven by an external clock. CS is driven at 1/64 the clock 
rate by the CD4520 and Dout outputs the data. All other 
pins are tied to a ground plane. The output data from the 
Dout Pin can be viewed on an oscilloscope which is set up 
to trigger on the falling edge of CS. 
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SNEAK-A-BIT™ 


Scope Trace of LTC1090 “Quick Look” Circuit 
Showing A/D Output of 0101010101 (155 H ex) 



TIME (B9) (BO) ZEROES 


VERTICAL: 2V/DIV 
HORIZONTAL: 2/tS/DIV 


The LTC1090’s unique ability to software select the polar- 
ity of the differential inputs and the output word length is 
used to achieve one more bit of resolution. Using the cir- 
cuit below with two conversions and some software, a 2’s 
complement 10-bit + sign word is returned to memory in- 
side the MPU. The MC68HC05C4 was chosen as an exam- 
ple; however, any processor could be used. 


Two 10-bit unipolar conversions are performed: the first 
over a 0 to 5V span and the second over a 0 to — 5V span 
(by reversing the polarity of the inputs). The sign of the in- 
put is determined by which of the two spans contained it. 
Then the resulting number (ranging from - 1023 to + 1023 
decimal) is converted to 2’s complement notation and 
stored in RAM. 


SNEAK-A-BIT Circuit 



9-26 


rruimi 

TECHNOLOGY 





LTC1090 


typical nppucrmons 


SNEAK-A-BIT 


Sneak-A-Bit Code for the LTC1090 Using the MC68HC05C4 


V|N j ( + ) CH6 

r j(-) CH7 

1ST CONVERSION 



(-) CH6 
(+) CH7 


2ND CONVERSION 


1ST CONVERSION 
1024 STEPS 


Vin 

5V f 


OV 


OV 


-5 V 


SOFTWARE 

► OV 


2047 STEPS 


2ND CONVERSION 
1024 STEPS 


—5 V 


SNEAK-A-BIT Code 

Dout from LTC1090 in MC68HC05C4 RAM 
Sign 


Location $77 
Location $87 



Din words for LTC1090 

MSBF 

MUXAddr. UNI j Word 


(ODD/SIGN) 


Length 


Din 1 

Din 2 

Din 3 


0 

0 

1 

1 

1 

1 

1 

1 


0 

1 

1 

1 

1 

1 

1 

1 


0 

0 

1 

1 

1 

1 

1 

1 


Sneak-A-Bit Code forthe LTC1090 Using the MC68HC05C4 


MNEMONIC 

DESCRIPTION 

LDA #$50 

STA $0A 

LDA #$FF 

STA $06 

BSET 0, $02 

JSR READ-/ + 

JSR READ + /- 
JSR READ-/ + 
JSR CHKSIGN 

Configuration data forSPCR 

Load configuration data into $0A 
Configuration data for port C DDR 

Load configuration data into port C DDR 
Make sure CS is high 

Dummy read configures LTC1090 for next 
read 

Read CH6 with respect to CH7 

Read CH7 with respect to CH6 

Determines which reading has valid data, 
converts to 2’s complement and stores in 
RAM 


MNEMONIC 

DESCRIPTION 

READ -/ + : LDA #$3F 

Load D )N word for LTC1090 into ACC 

JSR TRANSFER 

Read LTC1090 routine 

LDA $60 

Load MSBs from LTC1090 into ACC 

STA $71 

StoreMSBsin$71 

LDA $61 

Load LSBs from LTC1090 into ACC 

STA $72 

Store LSBs in $72 

RTS 

Return 

READ +/-: LDA #$7F 

Load D )N word for LTC1090 into ACC 

JSR TRANSFER 

Read LTC1090 routine 

LDA $60 

Load MSBs from LTC1090 into ACC 

STA $73 

Store MSBs in $73 

LDA $61 

Load LSBs from LTC1090 into ACC 

STA $74 

Store LSBs in $74 

RTS 

Return 

TRANSFER: BCLR 0, $02 

CS goes low 

STA $0C 

Load D| N into SP1. Start transfer 

LOOP1: TST $0B 

Test status of SPIF 

BPL LOOP 1 

Loop to previous instruction if not done 

LDA $0C 

Load contents of SPI data reg into ACC 

STA $0C 

Start next cycle 

STA $60 

Store MSBs in $60 

LOOP 2: TST $0B 

Test status of SPIF 

BPL LOOP 2 

Loop to previous instruction if not done 

BSET 0, $02 

CS goes high 

LDA $0C 

Load contents of SPI data reg into ACC 

STA $61 

Store LSBs in $61 

RTS 

Return 

CHKSIGN: LDA $73 

Load MSBs of + / - read into ACC 

ORA $74 

Or ACC (MSBs) with LSBs of +/- read 

BEQ MINUS 

If result is 0 goto minus 

CLC 

Clear carry 

ROR $73 

Rotate right $73 through carry 

ROR $74 

Rotate right $74 through carry 

LDA $73 

Load MSBs of + / - read into ACC 

STA $77 

Store MSBs in RAM location $77 

LDA $74 

Load LSBs of + / - read into ACC 

STA $87 

Store LSBs in RAM location $87 

BRA END 

Goto end of routine 

MINUS: CLC 

Clear carry 

ROR $71 

Shift MSBs of -/+ read right 

ROR $72 

Shift LSBs of -/+ read right 

COM $71 

1’s complement of MSBs 

COM $72 

1’s complement of LSBs 

LDA $72 

Load LSBs into ACC 

ADD #$01 

Add 1 to LSBs 

STA $72 

Store ACC in $72 

CLRA 

Clear ACC 

ADC $71 

Add with carry to MSBs. Result in ACC 

STA $71 

Store ACC in $71 

STA $77 

Store MSBs in RAM location $77 

LDA $72 

Loac LSBs in ACC 

STA $87 

Store LSBs in RAM location $87 

END: RTS 

Return 
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PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J20 Package Ceramic DIP 



Tjmax 

0 jA 

150°C 

70°C/W 


N20 Package Molded DIP 


1.040 



(26.416) 

MAX 

r^nrinrimmnrinTimnrimi 

t 

0.250 ±0.010 
(6.350 ±0 254) 

1 . 

) 


TTTT2TT3 I 1 4 | 1 5 1 | 6 1 I 7 | 1 8 | | 9 j | 10 j 



0 130±0 005 
(3.302 ±0.127) 
0 020 
(0.508) 

MIN 


0.065 

(1.651) 




0.125 

(3.175) 

MIN 


1 


(1 143-1 651) 


0 . 100±0 010 
(2 540 ±0.254) 


0 065 ±0.01 5 
(1.651 ±0.381)' 


0 Q18±0.Q03 
(0.457±0.076) 


N20188 


Tjmax 

0 jA 

110°C 

90°C/W 
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1 2, 6 and 8 Channel, 10-Bit 


Serial I/O Data Acquisition Systems 


FCATUR6S 

■ Programmable Features 

Unipolar/Bipolar Conversions 
Differential/Single Ended Multiplexer Configurations 

■ Sample and Holds 

■ Single Supply 5V, 10V or ± 5 V Operation 

■ Direct 3 or 4 Wire Interface to Most MPU Serial Ports 
and All MPU Parallel I/O Ports 

■ Analog Inputs Common-Mode to Supply Rails 

■ Resolution 10 Bits 

■ Total Unadjusted Error (A Grade) ± 1/2LSB Over Temp 

■ Fast Conversion Time 20ps 

■ Low Supply Current LTC1091 3.5mA Max, 1.5mA Typ 

LTC1092/3/4 2.5mA Max, 1mA Typ 


DCSCRIPTIOA 

The LTC1091/2/3/4 10-bit data acquisition systems are de- 
signed to provide complete function, excellent accuracy 
and ease of use when digitizing analog data from a wide 
variety of signal sources and transducers. Built around a 
10-bit, switched capacitor, successive approximation A/D 
core, these devices include software configurable analog 
multiplexers and bipolar and unipolar conversion modes 


as well as on chip sample and holds. On-chip serial ports 
allow efficient data transfer to a wide range of microproc- 
essors and microcontrollers. These circuits can provide a 
complete data acquisition system in ratiometric applica- 
tions or can be used with an external reference in others. 

The high impedance analog inputs and the ability to oper- 
ate with reduced spans (below IV full scale) allow direct 
connection to sensors and transducers in many applica- 
tions, eliminating the need for gain stages. 

An efficient serial port communicates without external 
hardware to most MPU serial ports and all MPU parallel I/O 
ports allowing eight channels of data to be transmitted 
over as few as 3 wires. This, coupled with low power con- 
sumption, makes remote location possible and facilitates 
transmitting data through isolation barriers. 

Temperature drift of offset, linearity, and full scale error 
are all extremely low (1ppm/°C typically) allowing all 
grades to be specified with offset and linearity errors of 
±0.5LSB maximum over temperature. In addition, the A 
grade devices are specified with full scale error and total 
unadjusted error (including the effects of offset, linearity, 
and full scale errors) of +0.5LSB maximum over tempera- 
ture. The lower grade has a full scale specification of 
±2LSB for applicafions where full scale is adjustable or 
less critical. 


TYPICAL RPPUCATIOR 



Vcc= 

= 5V 














Vj 

















H 0.75 


0 1 2 3 4 5 


REFERENCE VOLTAGE, V REF (V) 
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LTC1091/LTC1092 

LTC1093/LTC1094 


absolute maximum rrtirgs 

(Notes 1 and 2) 

Supply Voltage (Vcc) to GND or V - 12V 

Negative Supply Voltage (V - ) — 6V to GND 

Voltage 

Analog Reference and LTC1091/2 CS 

Inputs (T) -0.3V to V C c + 0.3V 

Digital Inputs (except LTC1091/2 CS) -0.3V to 12V 

Digital Outputs - 0.3V to Vcc + 0.3V 


Power Dissipation 500mW 

Operating Temperature Range 

LTC1091-4AC, LTC1091-4C -40°Cto85°C 

LTC1091-4AM, LTC1091-4M -55°Cto125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRGE/ORDER IflFORmflTIOfl 



TOP VIEW 


ORDER PART 
NUMBER 


TOP VIEW 


ORDER PART 
NUMBER 

csE 

CH0|T 

CHI [7 
gnd[T 

LTC1091 

U v cc ( v ref) 

7| CLK 

1] °0UT 

T| D| N 

cs nr 

r 1 

+in[T 

-in [7 
gnd[T 

LTC1092 

I] v C c 

7] CLK 

H d 0UT 

[H Vref 

LTC1091 AMJ8 

LTC1091MJ8 

LTC1091ACJ8 

LTC1091CJ8 

LTC1091 ACN8 

LTC1091CN8 

LTC1092AMJ8 

LTC1092MJ8 

LTC1092ACJ8 

LTC1092CJ8 

LTC1092ACN8 

LTC1092CN8 

J PACKAGE N PACKAGE 

8 LEAD CERAMIC DIP 8 LEAD PLASTIC DIP 

J PACKAGE N PACKAGE 

8 LEAD CERAMIC DIP 8 LEAD PLASTIC DIP 






TOP VIEW 




TOP VIEW 



cho[T 


DV cc 


cho[T 


jU Vcc 


chi[T 


U AV CC 


chi[T 


J5] CLK 

LTC1 093AM J 

CH2[T 


T5] CLK 

LTC1 094AM J 

CH2[T 


"tiles 

LTC1093MJ 

CH3 [T 


T7J cs 

LTC1094MJ 

CH3[T 

LTC1093 

m °out 

LTC1093ACJ 

CH4|T 

LTC1094 

ill °0UT 

LTC1094ACJ 

CH4[T 


]2din 

LTC1093CJ 

CH5U 


U Din 

LTC1094CJ 

CH5[T 


HI VreF 

LTC1093ACN 

CH6[7 


REF + 

LTC1094ACN 

com[T 


To] AGND 

LTC1093CN 

CH7|T 


TT] REF- 

LTC1094CN 

dgnd[T 


T]v- 


com[T 


TT] AGND 


J PACKAGE N PACKAGE 


dgndCo 


H] V_ 


16 LEAD CERAMIC DIP 16 LEAD PLASTIC DIP 










J PACKAGE N PACKAGE 






20 LEAD CERAMIC DIP 20 LEAD PLASTIC DIP 



PRODUCT GUIDE 


PART NUMBER 

# CHANNELS 

CONVERSION MODES 

REDUCED SPAN 
CAPABILITY 
(SEPARATE V REF ) 

±5V 

CAPABILITY 


UNIPOLAR 

BIPOLAR 

LTC1091 

2 

• 




Pin for pin 10-bit upgrade of ADC0832 

LTC1092 

1 

• 


• 


Pin for pin 10-bit upgrade of ADC0831 

LTC1093 

6 

• 

• 

• 

• 


LTC1094 

§ , 

• 

• 

• 

• 
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LTC1091/LTC1092 

LTC1093/LTC1094 


R€comm€nD€D opcrrtirg CORDITIORS 





LTC1 091 -4/LTC1 091 -4A 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

v cc 

Supply Voltage 


4.5 

10 

V 

v- 

Negative Supply Voltage 

V CC = 5V 

LTC1093/4 

-5.5 

0 

V 

f CLK 

Clock Frequency 

V CC = 5V 

0.01 

0.5 

MHz 

tCYC 

Total Cycle Time 

LTC1091 

15 CLK Cycles 

+ 2/iS 





LTC1092 

12 CLK Cycles 
+ 2/*s 





LTC 1093/4 

18 CLK Cycles 

+ 2(is 



thDI 

Hold Time, D, N After SCLKI 

V CC = 5V 

150 

ns 

tsuCS 

Setup Time CSI Before CLKI 

Vcc=5V 

1 

US 

tsuDI 

Setup Time, D !N Stable Before CLKf 

V CC = 5V 

400 

ns 

^WHCLK 

CLK High Time 

Vcc=5V 

0.8 

ns 

twLCLK 

CLK Low Time 

Vcc=5V 

1 

tiS 

twHCS 

CS High Time Between Data Transfer Cycles 

V CC = 5V 

2 I 

IXS 

^WLCS 

CS Low Time During Data Transfer 

LTC1091 

15 


CLK Cycles 


LTC1092 

12 


CLK Cycles 



LTC1093/4 

18 


CLK Cycles 


CORV€RT€R RflD mULTIPL€X€R CHARACTERISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC1091-4A 

MIN TYP MAX 

LTC1091-4 

MIN TYP MAX 

UNITS 

Offset Error 

(Note 4) 

• 

±0.5 

±0.5 

LSB 

Linearity Error 

(Notes 4 and 5) 

• 1 

±0.5 

±0.5 

LSB 

Full Scale Error 

(Note 4) 

• 

±0.5 

±2.0 

LSB 

Total Unadjusted Error 

V REF = 5.000V 
(Notes 4 and 6) 

• 

±0.5 


LSB 

Reference Input Resistance 

Vref = 5V, 

LTC 1092/3/4 

• 

5 10 

5 10 

kfl 

Analog and REF Input Range 

(Note 7) 


| (V-) -0.05V to V cc + 0.05V i 

V 

On Channel Leakage Current 
(Note 8) 

On Channel = 5V 

Off Channel = 0V 

• 

1 

1 

mA 

On Channel = 0V 

Off Channel = 5V 

• 

-1 

-1 


Off Channel Leakage Current 
(Note 8) 

On Channel = 5V 

Off Channel = 0V 

• 

-1 

-1 

/*A 

On Channel = 0V 

Off Channel = 5V 

• 

1 

1 

mA 
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LTC1091/LTC1092 

LTC1093/LTC1094 


RC CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1091 -4/LTC1091-4A 
MIN TYP MAX 

UNITS 

Wl 

Analog Input Sample Time 

See Operating Sequence 


1.5 

CLK Cycles 

tcONV 

Conversion Time 

See Operating Sequence 


10 

CLK Cycles 

*dDO 

Delay Time, CLKI to D 0UT Data Valid 

See Test Circuits 

• 

400 850 

ns 

Vis 

Delay Time, CS! to D 0 urHi-Z 

See Test Circuits 

• 

180 450 

ns 

ten 

Delay Time, CLKI to D 0 ut Enabled 

See Test Circuits 

• 

160 450 

ns 

thDO 

Time Output Data Remains Valid After SCLKl 



150 

ns 

tf 

D 0 ut Fall Time 

See Test Circuits 

• 

90 300 

ns 

tr 

D 0 ut Rise Time 

See Test Circuits 

• 

60 300 

ns 

C IN 

Input Capacitance 

Analog Inputs On Channel 


65 

PF 



Off Channel 


5 

PF 



Digital Inputs 


5 i 

PF 


DIGITAL flAD DC ELECTRICAL CHARACTERISTICS (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1091 -4/LTC1091 -4A 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

V CC = 5-25V 

• 

2.0 

V 

V|l 

Low Level Input Voltage 

V cc = 4.75V 

• 

0.8 

V 

i« 

High Level Input Current 

V|N = V C C 

• 

2.5 

**A 

in 

Low Level Input Current 

V,N = 0V 

• 

-2.5 


V OH 

High Level Output Voltage 

V GC = 4.75V, l 0 =%A 


4.7 

V 



l 0 = 360/x.A 

• 

2.4 4.0 

V 

V 0L 

Low Level Output Voltage 

V cc = 4.75V, lo= 1.6mA 

• 

0.4 

V 

! 

•oz 

Hi-Z Output Leakage 

VouT = Vcc>CSHigh 

• 

3 




V O ut=0V, CS High 

• 

-3 

*A 

•source 

Output Source Current 

V O ut = 0V 


-10 

mA 

•sink 

Output Sink Current 

Vout= v cc 


10 

mA 

•cc 

Positive Supply Current 

CS High, LTC1091 

• 

1.5 3.5 

mA 



CS High, REF+ Open, LTC1092/3/4 

• 

1.0 2.5 

mA 

•ref 

Reference Current 

V ref = 5V, LTC1 092/3/4 

• 

0.5 1.0 

mA 

1- 

Negative Supply Current 

CS High, V- = - 5V, 

• 

1 50 



Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND, 
GND and REF" wired together (unless otherwise noted). REF" is internally 
connected to the AGND pin on the LTC1093. DGND, AGND, REF" and V" 
are internally connected to the GND pin on the LTC1091/2. 

Note 3: V cc = 5V, V REF + = 5 V, V REF - = OV, V " = OV for unipolar mode and 
- 5V for bipolar mode, CLK = 0.5MHz unless otherwise specified. The • 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals T A = 25°C. 

Note 4: These specs apply for both unipolar (LTC1091 -4) and bipolar 
(LTC1093/4 only) modes. In bipolar mode, one LSB is equal to the bipolar in- 
put span (2V ref ) divided by 1024. For example, when V REF = 5V, 1 LSB 
bipolar) = 2(5V)/1024 = 9.77m V. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 


Note 6: Total unadjusted error includes offset, full scale, linearity, multi- 
plexer and hold step errors. 

Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V" or one diode drop above V C c- Be careful during testing at low V cc 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute OV to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
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T€ST CIRCUITS 

On and Off Channel Leakage Current 


5V 



Voltage Waveforms for Dqut Delay Time, tdDO 


CLK \ 

^o.sv 

— tdDO — 


d out ^ 

t 

c 


Load Circuit for tdis and t en 


TEST 



t d!S WAVEFORM 2, t en 

t dls WAVEFORM 1 


Load Circuit for tdDO> In and tf 



Voltage Waveforms for Dqut Rise and Fall Times, t r , tf 



Voltage Waveforms for tdis 



NOTE 1 WAVEFORM 1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 
THE OUTPUT IS HIGH UNLESS DISABLED BY THE OUTPUT CONTROL 


NOTE 2‘ WAVEFORM 2 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT 
THE OUTPUT IS LOW UNLESS DISABLED BY THE OUTPUT CONTROL 



LTC1091 
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Voltage Waveforms for t en 
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pm Funcnons LTC1091/2 


LTC1091 ft 

LTC1092# 

PIN 

FUNCTION 

DESCRIPTION 

1 

1 

CS 

Chip Select Input 

A logic low on this input enables the LTC1091/2. 

2,3 


CHO, CHI 

Analog Inputs 

These inputs must be free of noise with respect to GND. 


2,3 

IN + , IN- 

Analog Inputs 

These inputs must be free of noise with respect to GND. 

4 

4 

GND 

Analog Ground 

GND should be tied directly to an analog ground plane. 

5 


Din 

Digital Data Input 

The multiplexer address is shifted into this input. 


5 

V REF 

Reference Input 

The reference input defines the span of the A/D converter and must be kept free of 
noise with respect to AGND. 

6 

6 

d out 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

7 

7 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

8 


v cc ( v ref) 

Positive Supply and 
Reference Voltage 

This pin provides power and defines the span of the A/D converter. It must be kept 
free of noise and ripple by bypassing directly to the analog ground plane. 


8 

v cc 

Positive Supply 
Voltage 

This pin provides power to the A/D converter. It must be kept free of noise and 
ripple by bypassing directly to the analog ground plane. 
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pm Funcnons LTC1093/4 


LTC1093# 

LTC1094# 

PIN 

FUNCTION 

DESCRIPTION 

1-6 


CH0-CH5 

Analog Inputs 

The analog inputs must be free of noise with respect to AGND. 


1-8 

CH0-CH7 

Analog Inputs 

The analog inputs must be free of noise with respect to AGND. 

7 

9 

COM 

Common 

The common pin defines the zero reference point for all single ended inputs. It 
must be free of noise and is usually tied to the analog ground plane. 

8 

10 

DGND 

Digital Ground 

This is the ground for the internal logic. Tie to the ground plane. 

9 

11 

v- 

Negative Supply 

Tie V~ to most negative potential in the circuit. (Ground in single supply 
applications.) 

10 

12 

AGND 

Analog Ground 

AGND should be tied directly to the analog ground plane. 

11 


Vref 

Reference Input 

The reference input must be kept free of noise with respect to AGND. 


13,14 

REF + , REF- 

Reference Input 

The reference input must be kept free of noise with respect to AGND. 

12 

15 

Din 

Data Input 

The A/D configuration word is shifted into this input. 

13 

16 

d out 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

14 

17 

ns 

Chip Select Input 

A logic low on this input enables the LTC1 093/4. 

15 

18 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

16 


v cc 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. 


19,20 

AV CC , DV CC 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. AV C q and DV CC should be tied together on the LTC1094. 


block DinGnnm (Pin numbers refer to LTC1094) 


DVqc 
1 19 
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typical PCRFonmnnce charactcristics LTC1091-4 


Change in Offset Error vs 
Temperature 
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Change in Linearity Error vs 
Temperature 
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Digital Input Logic Threshold vs 
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Dqut Delay Time vs Temperature 



Dout Delay Time vs Supply 
Voltage 
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Maximum Clock Rate vs 
Temperature 



Maximum Clock Rate vs Supply 
Voltage 



Minimum Clock Rate vs 
Temperature 
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‘MAXIMUM CLK FREQUENCY REPRESENTS THE HIGHEST FREQUENCY AT WHICH CLK CAN BE **AS THE CLK FREQUENCY IS DECREASED FROM 500kHz, MINIMUM CLK FREQUENCY 
OPERATED (WITH 50% DUTY CYCLE) WHILE STILL PROVIDING 100ns SETUP TIME FOR THE (AERR0R<0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN ANY CODE 
DEVICE RECEIVING THE D 0UT DATA. TRANSITION FROM ITS 500kHz VALUE IS FIRST DETECTED. 
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TYPICAL P€RFORmnnC€ CHRRRCTCRISTICS 


Maximum Clock Rate vs Source 
Resistance LTC1091-4 



Maximum Filter Resistor vs Cycle 
Time LTC1091-4 
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Offset Error vs Supply Voltage 
LTC1091 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V cc (V REF ) (V) 


Linearity Error vs Supply Voltage 
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Supply Current vs Supply Voltage 
LTC1091 
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Supply Current vs Temperature 
LTC1091 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T a (°C) 


***AS THE CLK FREQUENCY AND SOURCE RESISTANCE ARE INCREASED, MAXIMUM CLK ‘"‘MAXIMUM Rrlter REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1LSB 

FREQUENCY (AERR0R<0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1 LSB CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT R F |LTER=0 IS FIRST DETECTED 

SHIFT IN ANY CODE TRANSITION FROM ITS 500kHz, Ofl VALUE IS FIRST DETECTED. 


JLTWM 


9-37 










CHANGE IN FULL SCALE ERROR (LSBs) PEAK-TO-PEAK NOISE ERROR (LSBs) 0FFSET ERR0R ' LSBs = ^4 xV REF> 


LTC1091/LTC1092 

LTC1093/LTC1094 
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Unadjusted Offset Error vs Linearity Error vs Reference Change in Full Scale Error vs 

Reference Voltage LTC1092/3/4 Voltage LTC1092/3/4 _ Reference Voltage LTC1092/3/4 



REFERENCE VOLTAGE, V REF (V) ’ REFERENCE VOLTAGE, V REF (V) REFERENCE VOLTAGE, V REF (V) 


Noise Error vs Reference Voltage Offset Error vs Supply Voltage Linearity Error vs Supply Voltage 

LTC1092/3/4 LTC1092/3/4 LTC1092/3/4 
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Change in Full Scale Error vs Supply Current vs Supply Voltage Supply Current vs Temperature 
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Reference Current vs Temperature 
LTC1 092/3/4 
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RPPLICRTIOnS IRFORfflRTIOn 


The LTC1091-4 are data acquisition components which 
contain the following functional blocks: 

1. 10-bit successive approximation A/D converter 

2. Analog multiplexer (MUX) 

3. Sample and hold (S/H) 

4. Synchronous, half duplex serial interface 

5. Control and timing logic 

DIGITAL CONSIDERATIONS 
1. Serial Interface 

The LTC1091/3/4 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four wire serial interface while the LTC1092 uses a three 
wire interface (see Operating Sequence). The clock (CLK) 
synchronizes the data transfer with each bit being trans- 
mitted on the falling CLK edge and captured on the rising 
CLK edge in both transmitting and receiving systems. The 
LTC1091/3/4 first receives input data and then transmits 
back the A/D conversion result (half duplex). Because of 


the half duplex operation, Din and Dout may bejied to- 
gether allowing transmission over just 3 wires: CS, CLK 
and DATA (Din/Dout)- 

Data transfens initiated by a falling chip select (CS) 
signal. After CS falls the LTC1091/3/4 looks for a start bit. 
After the start bit is received, a 3-bit input word (6-bits for 
the LTC1093/4) is shifted into the Din input which config- 
ures the LTC1091/3/4 and starts the conversion. After one. 
null bit, the result of the conversion is outpurt on the Dout' 
line. At the end of the data exchange CS should be 
brought high. This resets the LTC1091/3/4 in preparation 
for the next data exchange. 


csl 


_n 


Shift MUX. 
Address in 


JMJ 



1 Dout 1 1 

— J 


Din 2 I 


1 Null Bit Shift A/D Conversion 
Result Out 


n 


1 Pout 2 


/run™ 
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nppucATions iNFORmnnon 

The LTC1092 does not requires configuration input word 
and has no Din pin. A falling CS initiates data transfer as 
shown in the LTC1092 operating sequence. After CS falls, 
the first CLK pulse enables Dout. After one null bit, the 
A/D conversion result is output on the Dout line. Bringing 
CS high resets the LTC1092 for the next data exchange. 

2. Input Data Word 

The LTC1092 requires no Din word. It is permanently con- 
figured to have a single differential input and to operate in 
unipolar mode. The conversion result is output on the 
Dout line is MSB first sequence, followed by LSB se- 
quence providing easy interface to MSB or LSB first serial 
ports. The following discussion applies to the configura- 
tion of the LTC1091/3/4. 


The LTC1091/3/4 clocks data into the Din input on the ris- 
ing edge of the clock. The input data words are defined as 
follows: 


LTC1091 Data Input (D, n ) Word: 


Start 

SGL / 
DIFF 

ODD / 
SIGN 

MSBF 



MUX MSB First/ 

Address LSB First 


Unipolar/ 

LTC1093/4 Data Input (D| N ) Word: , B ' P ° laf , 



MUX Address MSB First/ 

LSB First 


MSB First Data (MSBF = 1) 


LTC1091 Operating Sequence 
Example: Differential Inputs (CHI + , CHO -) 



LSB First Data (MSBF = 0) 



ODD/ 

START SIGN 
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LTC1092 Operating Sequence 



« «JinruiruTJirL ^^ sumiirinimnrm 



LTC1093/4 Operating Sequence 
Example: Differential inputs (CH4 + , CH5 - ), Unipolar Mode 

MSB First Data (MSBF=1) 



START SEL1 UNI 



SGL/ ODD/ SELO MSBF 
DIFF SIGN 



START SEL1 UNI 


“»1_ 

n r 

SGL/ ODD/ 
DIFF SIGN 

~l_t 

SELO 

"U 

MSBF 

w/mm 

waiMm 


WMMMMMMMML 

n 

Hi-Z Hi- 

Z 


rn r 

1 1 1 1 

1 I ri i rh 1 ri 1 1 1 1 

*1 i — i run j Hi Z 

u 0UT 



1 

i 1 89 1 1 

1 J 1 1 

| | B1 | 80 | 81 1 | 1 I 

i i i i 89 i i 








FILLED 

WITH ZEROES 



*SMPL 



*C0NV 
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Start Bit 

The first “logical one” clocked into the Din input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1091/3/4 will ignore all leading zeros 
which precede this logical one. After the start bit is re- 
ceived, the remaining bits of the input word will be clocked 
in. Further inputs on the Din pin are then ignored until the 
next CS cycle. 

Multiplexer (MUX) Address 

The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For a 


given channel selection, the converter will measure the volt- 
age between the two channels indicated by the + and - 
signs in the selected row of the following tables. In single 
ended mode, all input channels are measured with respect 
to GND on the LTC1091 and COM on the LTC1093/4. 

LTC1091 Channel Selection 


Single-ended MUX mode 
Differential MUX mode 


MUX ADDRESS 

CHANNEL# 

GND 

SGL / 
DIFF 

ODD / 
SIGN 

0 

1 


1 

0 

+ 


- 

1 

1 


+ 

- 

0 

0 

+ 

- 


0 

1 

“ 

+ 



LTC1093 Channel Selection 


LTC1094 Channel Selection 


MUX ADDRESS 

DIFFERENTIAL CHANNEL SELECTION | 

SGL / 
DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 0 

+ 

- 







0 

0 

0 1 



+ 

- 





0 

0 

1 0 





+ 

- 



0 

0 

1 1 







+ 

- 

0 

1 

0 0 

- 

+ 




1 



0 

~n 

0 1 



- 

+ 





0 

i 

1 0 






+ 



0 

i 

1 1 







- 

+ 


MUX ADDRESS 

DIFFERENTIAL CHANNEL SELECTION | 

SGL / 
DIFF 

ODDI 

SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

0 

0 

0 

0 

+ 

- 





0 

0 

0 

1 



+ 

- 



0 

0 

1 

0 





+ 

- 

0 

0 

1 1 

NOT USED ! 

0 

1 

0 

0 

- 

+ 





0 

1 

0 1 



- 

+ 



0 

1 

1 

0 





- 

+ 

0 

1 

1 

1 

NOT USED i 


MUX ADDRESS 

SINGLE ENDED CHANNEL SELECTION | 

SGL / 
DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

COM 

1 

0 

0 

J> 

+ 






- 

1 

0 

0 1 



+ 




- 

1 

0 

1 

0 





+ 


- 

1 

0 

1 

1 

NOT USED I 

1 

1 

0 

0 


+ 





- 

1 

1 

0 

~ n 




+ 



- 

1 

1 

1 

0 






+ 

- 

1 

1 

1 

~T~1 

NOT USED | 


MUX ADDRESS 

SINGLE ENDED CHANNEL SELECTION | 

SGL/ 

DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 

1 

0 

0 0 

+ 








- 

1 

0 

0 1 



+ 






- 

1 

0 

1 0 





+ 




- 

1 

0 

1 1 







+ 


- 

1 

1 

0 0 


+ 







- 

1 

1 

0 1 




+ 





- 

1 

1 

1 0 






+ 



- 

1 

1 

1 1 








+ 

- 
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MSB First/LSB First (MSBF) 

The output data of the LTC1091/3/4 is programmed for 
MSB first or LSB first sequence using the MSBF bit. When 
the MSBF bit is a logical one, data will appear on the Dout 
line in MSB first format. Logical zeros will be filled in in- 
definitely following the last data bit to accommodate 
longer word lengths required by some microprocessors. 
When the MSBF bit is a logical zero, LSB first data will fol- 
low the normal MSB first data on the Dout line. (See 
operating sequence). 

Unipolar/Bipolar (UNI) 

The UNI bit of the LTC1093/4 determines whether the con- 
version will be unipolar or bipolar. When UNI is a logical 
one, a unipolar conversion will be performed on the se- 
lected input voltage. When UNI is a logical zero, a bipolar 
conversion will result. The input span and code assign- 
ment for each conversion type are shown in the figures 
below. 

The LTC1091/2 are permanently configured for unipolar 
mode. 


Unipolar Output Code (UNI = 1) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(V ref =5V) 

1111111111 

Vr EF -1LSB 

4.9951V 

1111111110 

Vref-2LSB 

4.9902V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0049V 

0000000000 

OV 

OV 


Bipolar Output Code (UNI = 0) LTC1093/4 Only 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 5V) 

0111111111 

Vref-ILSB 

4.9902V 

0111111110 

Vref-2LSB 

4.9805V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

USB 

0.0098V 

0000000000 

OV 

OV 

1111111111 

-1LSB 

-0.0098V 

1111111110 

-2LSB 

-0.0195V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1000000001 

-(V„ ef ) + 1LSB 

-4.9902V 

1000000000 

-(Vref) 

-5.000V 


Unipolar Transfer Curve (UNI = 1) 



Bipolar Transfer Curve (UNI = 0) LTC1093/4 Only 
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3. Accommodating Microprocessors with Different Word 
Lengths 

The LTC1091/3/4 will fill zeroes indefinitely after the trans- 
mitted data until CS is brought high. At that time the Dout 
line is disabled. This makes interfacing easy to MPU serial 
ports with different transfer increments including 4 bits 
(e.g., COP400) and 8 bits (e.g., SPI and MICROWIRE/PLUS). 
Any word length can be accommodated by the correct 
positioning of the start bit in the LTC1091 input word. 

Figure 1 shows examples of LTC1091 input and output 
words for 4-bit and 8-bit processors. A complete data ex- 
change can be implemented with two 4-bit MPU outputs 
and three inputs in 4-bit systems and one 8-bit output and 
two inputs in 8-bit systems. The resulting data winds up 
left justified in the MPU with zeroes automatically filled in 
the unused low order bits by the LTC1091. In section 5 an- 
other example is given using the MC68HC05C4 which 
eliminates one 8-bit transfer and positions data right justi- 
fied inside the MPU. 


4. Operation with Din and Dout Tied Together 

The LTC1091/3/4 can be operated with Din and Dout tied 
together. This eliminates one of the lines required to 
communicate to the MPU. Data is transmitted in both 
directions on a single wire. The processor pin connected 
to this data line should be configurable as either an input 
or an output. The LTC1091, for example, will take control 
of the data line and drive it low on the 4th falling CLK edge 
after the start bit is received (see Figure 2). Therefore the 
processor port line must be switched to an input before 
this happens, to avoid a conflict. 

In the next section, an example is made of interfacing the 
LTC1091 with Din and Dout tied together to the Intel 8051 
MPU. 


■"L 


r 


jinnruijiji^ 


Din 


SGL/ ODD/ . 
DIFFJ sign h 


Dout - 


4-BIT 

TRANSFERS 


8-BIT 

TRANSFERS 


MPU READS BACK 
2 d 0 ut words 


START 

BIT 

L 


| B9 | B8 | B7 | B6 p 


M 


In] 

H 


r 


MPU SENDS 1 

2 Din WORDS I 

0 0 0 1 | 

ISGL/ ODD/ iinnr y 

Idiff sign msbf x 

MPU READS BACK 

3 d 0 ut words 

START 1 

BIT 

1 

f MPU SENDS 1 

1 Din word 

0 0 0 1 

SGL/ ODD/ M<;RF y 1 
DIFF SIGN * 1 


B7 B6 1 1 B5 B4 B3 B2 B1 BO 0 0 


B9 B8 B7 86 B5 B4 B3 B2 

B1 BO 

0 

0 

0 

0 

0 

HI 


Figure 1. LTC1091 Input and Output Word Arrangements for 4-Bit and 8-Bit Serial Port Microprocessors 
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LTC1093/LTC1094 


APPUCflTIOftS INFORfllATIOn 


MSBF BIT 
LATCHED 
BY LTC1091 


CS Hi 



DATA (D, n /Dout) 


/ START \ diff / 


ODD/ 

SIGN 


• • 


MPU CONTROLS 
DATA LINE AND SENDS 
MUX ADDRESS TO LTC1091 


LTC1091 CONTROLS 
DATA LINE AND SENDS 
A/D RESULT BACK TO MPU 


PROCESSOR 
MUST RELEASE 
DATA LINE AFTER 4TH 
RISING CLK AND BEFORE 
THE 4TH FALLING CLK 


LTC1091 TAKES CONTROL OF DATA LINE 
ON 4TH FALLING CLK 


Figure 2. LTC1091 Operation with Din and Dqut Tied Together 


5. Microprocessor Interfaces 

The LTC1091-4 can interface directly (without external 
hardware) to most popular microprocessor (MPU) synchro- 
nous serial formats (see Table 1). If an MPU without a ded- 
icated serial port is used, then 3 or 4 of the MPU's parallel 
port lines can be programmed to form the serial link to the 
LTC1091-4. Included here are one serial interface example 
and one example showing a parallel port programmed to 
form the serial interface. 


Table 1 . Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1091-4 


1 PART NUMBER 

| TYPE OF INTERFACE | 

| Motorola 

MC6805S2, S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

[ RCA [ 

| CDP68HC05 

SPI | 

Hitachi j 

HD6305 

SCI Synchronous 

HD63705 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

HD64180 

CSI/O 

National Semiconductor j 

COP400 Family 

MICROWIREf 

COP800 Family 

MICROWIRE/PLUSt 

NS8050U 

MICROWIRE/PLUS 

HPC16000 Family 

MICROWIRE/PLUS 

Texas Instruments | 

TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS32011* 

Serial Port 

TMS32020 

Serial Port 


* Requires external hardware 
fMICROWIRE and MICROWIRE/PLUS are trademarks 
of National Semiconductor Corp. 


XTIXE® 


9-45 






LTC1091/LTC1092 

LTC1093/LTC1094 


DPPLICATIOnS INFORfllATIOn 


Motorola SPI (MC68HC05C4, MC68HC11) 

The MC68HC05C4 has been chosen as an example of an 
MPU with a dedicated serial port. This MPU transfers data 
MSB first and in 8-bit increments. With two 8-bit transfers, 
the A/D result is read into the MPU. The first 8-bit transfer 
sends the Din word to the LTC1091 and clocks B9 and B8 
of the A/D conversion result into the processor. The sec- 


ond 8-bit transfer clocks the remaining bits, B7 through 
BO, into the MPU. 

ANDing the first MPU received byte with 03 Hex clears the 
6 most significant bits. Notice how the position of the 
start bit in the first MPU transmit word is used to position 
the A/D result right justified in two memory locations. 


Data Exchange Between LTC1091 and MC68HC05C4 


MPU TRANSMIT 
WORD 


START 

BIT 

I BYTE 1 BYTE 2 (DUMMY) 


□ 

□ 

SGL/ 

DIFF 

ODD/ 

SIGN 

MSBF 

□ 

□ 

□ 


CS 


1 


X= DON’T CARE 


Din 


CLK 


START 

iSGL/lopp/ 
| DIFF I siGN 



Riiniijuiim_jinjiru^ 


Dqut 


-| B9 B8 B7 B6 B5 B4 B3 B2 B1 


MPU 

RECEIVED WORD 


BYTE 1 


F 





” 

B9 

B8 


STTR/ 





BYTE 2 


E 

B6 

B5 

B4 

B3 

B2 

B1 

BO 


■2ND TRANSFER- 


Hardware and Software Interface to Motorola MC68HC0SC4 
Microcontroller 


ANALOG 

INPUTS 



Domfrom LTC1091 stored in MC68HC05C4 RAM 

MSB 

Location A 


Location A + 1 



byte 2 


LABEL 

MNEMONIC 

COMMENTS 

START 

BCLRn 

Bit 0 Port C goes low (CS goes low) 


LDA 

Load LTC1090 D iN word into Acc. 


STA 

Load LTC1090 D iN word into SPI from Acc. 
Transfer begins. 


TST 

Test status of SPI F 


BPL 

Loop to previous instruction if not done 
with transfer 


LDA 

Load contents of SPI data register 
into Acc. (Dqut MSBs) 


STA 

Start next SPI cycle 


AND 

Clear 6 MSBs of first Dqut word 


STA 

Store in memory location A (MSBs) 


TST 

Test status of SPI F 

t 

BPL 

Loop to previous instruction if not done 
with transfer _ 


BSETn 

Set BO of Port C (CS goes high) 


LDA 

Load contents of SPI data register into 

Acc. (Dqut LSBs) 


STA 

Store in memory location A + 1 (LSBs) 
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Interfacing to the Parallel Port of the Intel 8051 Family 

The Intel 8051 has been chosen to demonstrate the inter- 
face between the LTC1091 and parallel port microproc- 
essors. Normally the CS, SCLK and Din signals would be 
generated on 3 port lines and the Dout signal read on a 4th 
port line. This works very well. However, we will demon- 
strate here an interface with the Din and Dout of the 
LTC1091 tied together as described in section 4. This 
saves one wire. 

The 8051 first sends the start bit and MUX address to the 
LTC1091 over the data line connected to PI .2. Then PI. 2 is 
reconfigured as an input (by writing to it a one) and the 
8051 reads back the 10-bit A/D result over the same data 
line. 


ANALOG 

INPUTS 



m 

LTC1091 ClK 


PI 4 





8051 


2 OUT 
% 

jt 


PI. 2 



MUX ADDRESS 



A/D RESULT 


Dqut from LTC1091 stored in 8051 RAM 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


MOV 

A,#FFH 

D| N word for LTC1091 


SETB 

PI .4 

Make sure CS is high 


CLR 

PI .4 

CS goes low 


MOV 

R4, #04 

Load counter 

LOOP 1 

RLC 

A 

Rotate D| N bit into Carry 


CLR 

PI .3 

SCLK goes low 


MOV 

PI .2,0 

Output Din bit to 

LTC1091 


SETB 

PI .3 

SCLK goes high 


DJNZ 

R4, LOOP1 

Next bit 


MOV 

PI, #04 

Bit 2 becomes an input 


CLR 

PI .3 

SCLK goes low 


MOV 

R4, #09 

Load counter 

LOOP 

MOV 

c, PI .2 

Read data bit into Carry 


RLC 

A 

Rotate data bit into Acc. 


SETB 

PI .3 

SCLK goes high 


CLR 

PI .3 

SCLK goes low 


DJNZ 

R4, LOOP 

Next bit 


MOV 

R2, A 

Store MSBs in R2 


MOV 

C, PI .2 

Read data bit into Carry 


SETB 

PI .3 

SCLK goes high 


CLR 

PI .3 

SCLK goes low 


CLR 

A 

Clear Acc. 


RLC 

i 

A 

Rotate data bit from 

Carry to Acc. 


MOV 

C, PI .2 

Read data bit into Carry 


RRC 

A 

Rotate right into Acc. 


RRC 

A 

Rotate right into Acc. 


MOV 

R3, A 

Store LSBs in R3 


SETB 

PI .4 

CS goes high 


R2 

R3 


MSB 



CS 


A 


MSBF BIT LATCHED 
INTO LTC1091 


f 



8051 PI. 2 OUTPUTS DATA I 

TO LTC1091 ! 

I 

8051 PI. 2 RECONFIGURED I 

AS AN INPUT AFTER THE 4TH RISING — H 
CLK AND BEFORE THE 4TH FALLING CLK 



LTC1091 TAKES CONTROL OF DATA 
LINE ON 4TH FALLING CLK 


LTC1091 SENDS A/D RESULT 
BACK TO 8051 PI. 2 
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. ' V . ' 

8 CHANNELS 8 CHANNELS 8 CHANNELS 


3 WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC1094S 


Figure 3. Several LTC1094S Sharing One 3 Wire Serial Interface 


Sharing the Serial Interface 

The LTC1094 can share the same 2 or 3 wire serial inter- 
face with other peripheral components or other LTC1094S 
(see Figure 3). In this case, the CS signals decide which 
LTC1094 is being addressed by the MPU. 

ANALOG CONSIDERATIONS 
1. Grounding 

The LTC1091-4 should be used with an analog ground 
plane and single point grounding techniques. 

The AGND pin (GND on the LTC1091/2) should be tied 
directly to this ground plane. 

The DGND pin of the LTC1093/4 can also be tied directly to 
this ground plane because minimal digital noise is 
generated within the chip itself. 

The Vcc pin should be bypassed to the ground plane with 
a 4.7 /jF tantalum with leads as short as possible. AVcc and 
DVcc should be tied together on the LTC1094. The V~ pin 
(LTC1093/4) should be bypassed with a O.^F ceramic disk. 
For single supply applications, V~ can be tied to the 
ground plane. 

It is also recommended that the REF" pin and the COM 
pin be tied directly to the ground plane. All analog inputs 
should be referenced directly to the single point ground. 
Digital inputs and outputs should be shielded from and/or 
routed away from the reference and analog circuitry. 


Figure 4 shows an example of an ideal LTC1091 ground 
plane design for a two sided board. Of course this much 
ground plane will not always be possible, but users should 
strive to get as close to this ideal as possible. 

2. Bypassing 

For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Because the Vcc (Vref) pin of the 
LTC1091 defines the voltage span of the A/D converter, its 
bypassing is especially important. Vcc noise and ripple 
can be kept below ImV by bypassing the Vcc pin directly 
to the analog ground plane with a 4.7/iF tantalum with 
leads as short as possible. AVcc and DVcc should be tied 
together on the LTC1094. Figures 5 and 6 show the effects 
of good and poor Vcc bypassing. 



TANTALUM 

pIS 



c 

i 

■ 

8 

!3 

c 

2 

tTQiait 

7 

□ 

c 

3 

6 

□ 

H3 



5 

□ 


Figure 4. Example Ground Plane for the LTC1091 
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3. Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1091-4 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. How- 
ever, if large source resistances are used or if slow set- 
tling op amps drive the inputs, care must be taken to 
insure that the transients caused by the current spikes 
settle completely before the conversion begins. 



HORIZONTAL: IOjiS/DIV 


Figure 5. Poor Vcc Bypassing. Noise and Ripple Can Cause 
A/D Errors 


Source Resistance 

The analog inputs of the LTC1091-4 look like a 60pF 
capacitor (Cin) is series with a 500tt resistor (Ron) as 
shown in Figure 7. Cin gets switched between the selected 
“ + ” and “ - ” inputs once during each conversion cycle. 
Large external source resistors and capacitances will 
slow the settling of the inputs. It is important that the over- 
all RC time constants be short enough to allow the analog 
inputs to completely settle within the allowed time. 

“ + ” Input Settling 



HORIZONTAL: 10/iS/DIV 


Figure 6. Good Vcc Bypassing Keeps Noise and Ripple On Vcc 
Below 1 mV 


This input capacitor is switched onto the “ + ” input during 
the sample phase (tsMPL, see Figure 8). The sample phase 
is the 1 1/2 CLK cycles before the conversion starts. The 
voltage on the “+” input must settle completely within 
this sample time. Minimizing Rsource + and Cl will im- 
prove the input settling time. If large “ + ” input source re- 
sistance must be used, the sample time can be increased 
by using a slower CLK frequency. With the minimum 
possible sample time of 3/tS, Rsource + <2k and Cl <20pF 
will provide adequate settling. 



Figure 7. Analog Input Equivalent Circuit 
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“-’’Input Settling Input Op Amps 

At the end of the sample phase the input capacitor When driving the analog inputs with an op amp it is im- 

switches to the “ - ” input and the conversion starts (see portant that the op amp settle within the allowed time (see 

Figure 8). During the conversion, the “ + ” input voltage is Figure 8). Again, the “ + ” and “ - ” input sampling times 

effectively “held” by the sample and hold and will not af- can be extended as described above to accommodate 

feet the conversion result. However, it is critical that the slower op amps. Most op amps including the LT1006 and 

“ - ” input voltage settle completely during the first CLK LT1013 single supply op amps, can be made to settle well 

cycle of the conversion time and be free of noise. Minimiz- even with the minimum settling windows of 3/is (“ + ” input) 

ing Rsource' and C2 will improve settling time. If large and 2/is (“ - ” input) which occur at the maximum clock rate 

input source resistance must be used, the time al- of 500kHz. Figures 9 and 10 show examples of adequate 

lowed for settling can be extended by using a slower CLK and poor op amp settling, 

frequency. At the maximum CLK rate of 500kHz, 

Rsource" <1k0 and C2<20pF will provide adequate 
settling. 


SAMPLE HOLD 

1 “ + " INPUT MUST I 



Figure 8. “ + ” and “ - ” Input Settling Windows 
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HORIZONTAL: WOIV 


Figure 9. Adequate Settling of Op Amp Driving Analog Input 



HORIZONTAL: 20,iS/DIV 


Figure 1 0. Poor Op Amp Settling Can Cause A/D Errors 


RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of Cf (e.g., 1/tF), the 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap- 
proximately I dc = 60p F x V| N/tcYC and is roughly propor- 
tional to V|n. When running at the minimum cycle time of 
32*ts, the input current equals 9/iA at Vin = 5V. In this case, 
a filter resistor of 50Q will cause 0.1 LSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 
inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs Cycle Time. 


Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification of fyA (at 125°C) flowing 
through a source resistance of Ikfi will cause a voltage 
drop of ImV or 0.2LSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel Leakage Current vs 
Temperature). 

4. Sample and Hold 

Single Ended Inputs 

The LTC1091, LTC1093 and LTC1094 provide a built-in sam- 
ple and hold (S&H) function for signals acquired in the sin- 
gle ended mode. This sample and hold allows conversion 
of rapidly varying signals (see typical curve of S&H Ac- 
quisition Time vs Source Resistance). The input voltage is 
sampled during the tsMPL time as shown in Figure 8. The 
sampling interval begins as the bit preceding the MSBF bit 
is shifted in and continues until the falling CLK edge after 
the MSBF bit is received. On this falling edge, the S&H 
goes into hold mode and the conversion begins. 


R FILTER ■ lDC „ 




C FILTER 


1 r- 


- 



Figure 11. RC Input Filtering 
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Differential Inputs 

With differential inputs, the A/D no longer converts just a 
single voltage but rather the difference between two volt- 
ages. In this case, the voltage on the selected “ + ” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single ended mode. However, the voltage 
on the selected input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 10 CLK cycles. 
Therefore, a change in the input voltage during this 
interval can cause conversion errors. For a sinusoidal volt- 
age on the “ - ” input this error would be: 

VeRROR(MAX) = VpEAK X 2 X 7T X f(“ - ”) X 10/fcLK 

Where f(“ - ”) is the frequency of the “ - ” input voltage, 
Vpeak is its peak amplitude and fcLK is the frequency of 
the CLK. In most cases Verror will not be significant. For 
a 60Hz signal on the “ - ” input to generate a 1/4LSB error 
(1.25mV) with the converter running at CLK = 500kHz, its 
peak value would have to be 150mV. 


5. Reference Inputs 

The voltage on the reference inputs of the LTC1091-4 de- 
fines the voltage span of the A/D converter. The reference 
inputs look primarily like a lOkfi resistor but will have tran- 
sient capacitive switching currents due to the switched 
capacitor conversion technique (see Figure 12). During 
each bit test of the conversion (every CLK cycle), a capaci- 
tive current spike will be generated on the reference pins 
by the A/D. These current spikes settle quickly and do not 
cause a problem. However, if slow settling circuitry is 
used to drive the reference inputs, care must be taken to 
ensure that transients caused by these current spikes set- 
tle completely during each bit test of the conversion. 

When driving the reference inputs, three things should be 
kept in mind: 

1. The source resistance (Rout) driving the reference in- 
puts should be low (less than IQ) to prevent DC drops 
caused by the 1mA maximum reference current (Iref)- 


2. Transients on the reference inputs caused by the 
capacitive switching currents must settle completely 
during each bit test (each CLK cycle). Figures 13 and 14 
show examples of both adequate and poor settling. Us- 
ing a slower CLK will allow more time for the reference 
to settle. However, even at the maximum CLK rate of 
500kHz most references and op amps can be made to 
settle within the 2/tsbit time. 

3. It is recommended that the REF" input of the LTC1094 
be tied directly to the analog ground plane. If REF" is 
biased at a voltage other than ground, the voltage must 
not change during a conversion cycle. This voltage 
must also be free of noise and ripple with respect to 
analog ground. 




HORIZONTAL: Ijus/Dl V 


Figure 13. Adequate Reference Settling 



HORIZONTAL: l^s/DIV 


Figure 14. Poor Reference Settling Can Cause A/D Errors 
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6. Reduced Reference Operation 

The minimum reference voltage of the LTC1091 is limited 
to 4.5V because the Vcc supply and reference are in- 
ternally tied together. However, the LTC1092/3/4 can oper- 
ate with reference voltages below IV. 

The effective resolution of the LTC1092/3/4 can be in- 
creased by reducing the input span of the converter. The 
LTC1092/3/4 exhibits good linearity and gain over a wide 
range of reference voltages (see typical curves of Linearity 
and Full Scale Error vs Reference Voltage). However, care 
must be taken when operating at low values of Vref be- 
cause of the reduced LSB step size and the resulting 
higher accuracy requirement placed on the converter. The 
following factors must be considered when operating at 
low Vref values. 

1. Offset 

2. Noise 

3. Conversion speed (CLK frequency) 


Offset with Reduced Vref 

The offset of the LTC1092/3/4 has a larger effect on the 
output code when the A/D is operated with reduced refer- 
ence voltage. The offset (which is typically a fixed voltage) 
becomes a larger fraction of an LSB as the size of the LSB 
is reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos- For example, a 
Vos of 0.5mV which is 0.1 LSB with a 5 V reference be- 
comes 0.5LSB with a IV reference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the “ - ” input to the LTC1092/3/4. 


Noise with Reduced Vref 

The total input referred noise of the LTC1092/3/4 can be re- 
duced to approximately 200/iV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference inputs. This noise 
is insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200/tV of noise. 

For operation with a 5 V reference, the 200/W noise is only 
0.04LSB peak-to-peak. In this case, the LTC1092/3/4 noise 
will contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may become a 
significant fraction of an LSB and cause undesirable jitter 
in the output code. For example, with a IV reference, this 
same 200/»V noise is 0.2LSB peak-to-peak. This will reduce 
the range of input voltages over which a stable output 
code can be achieved by 0.2LSB. If the reference is further 
reduced to 200mV, the 200 /W noise becomes equal to one 
LSB and a stable code may be difficult to achieve. In this 
case averaging readings may be necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on Vcc, Vref, Vin or V") will 
add to the internal noise. The lower the reference voltage 
to be used, the more critical it becomes to have a clean, 
noise-free setup. 

Conversion Speed with Reduced Vref 

With reduced reference voltages, the LSB step size is re- 
duced and the LTC1092/3/4 internal comparator overdrive 
is reduced. Therefore, it may be necessary to reduce the 
maximum CLK frequency when low values of Vref are 
used. 
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**MC68HC05 CODE AVAILABLE FROM 
LINEAR TECHNOLOGY 



Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data 
Acquisition System is Accessed Once Every Two Seconds 
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8 Lead Ceramic DIP 
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F€RTUR€S 


DCSCRIPTIOn 


■ On Board 5V Precision Buried Zener Reference 

■ Software Controlled 6 Channel Multiplexer 

■ Differential and Single Ended Input Capability 

■ Built-In Sample and Hold for Single Ended Inputs 

■ Analog Inputs Common Mode to Both Supply Rails 

■ Single Supply (7.2V to 40 V) or Split Supply Operation 

■ 10 Bit Unipolar or 9 Bit Plus Sign Bipolar 

■ 2’s Complement Output Coding on Bipolar Conversions 

■ Direct Interface to Most Microprocessor Serial Data 
Ports Including Mortorola SPI, Hitachi SCI and National 
MICROWIRE/PLUS* 

■ Software Interface to Other Microprocessor Parallel 
Ports 

■ MSB or LSB First Data 


K€Y SPCCIFICRTIORS 


■ Resolution 

■ Linearity Error 

■ Total Unadjusted Error 

■ Conversion Time 

■ Sampling Rate 

■ Supply Current 

■ Full Scale Error Temperature 
Drift (B Grade) 


10 Bits 

± 0.5LSB (0.05% FSR) Max 
±0.15% FSR 
20/iS 
25kH2 

4.7mA Max, 2.3mA Typ 


23ppm/°C Max 


* MICROWIRE/PLUS is a trademark of National Semiconductor. 


The LTC1095 is a complete data acquisition component 
which contains a serial I/O, successive approximation A/D 
converter, a 6 channel multiplexer, a sample and hold, and 
an on board reference. It uses LTCMOS™ switched capaci- 
tor technology to perform either 10 bit unipolar, or 9 bit 
plus sign bipolar A/D conversions. The 6 channel input 
multiplexer can be software configured for either single 
ended or differential inputs (or combinations thereof). The 
on chip sample and hold is included for all single ended in- 
put channels. The LTC1095 is specified as a complete 
system. This specification includes the error contribution 
of the A/D, MUX, S&H, and reference. 

The serial I/O is designed to be compatible with industry 
standard serial interfaces. It allows either MSB or LSB 
first data and automatically provides 2’s complement out- 
put coding in the bipolar mode. This allows easy interface 
to shift registers and a variety of processors. 

All grades of the LTC1095 have guaranteed maximum off- 
set and linearity errors of + 0.5LSB over the full operating 
temperature range. The LTC1095B is specified with gain 
error less than ± 0.1 % maximum. 

The LTC1095C is specified with a gain error limit of + 0.2% 
FSR maximum. 


TYPICRl RPPUCRTIOnS 


Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data Acquisition System 
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LTC1095 


ABSOLUTE fflAXIfflUm AATIflGS PACKRGC/ORDCR lAFOflfflRTIOR 

(Notes 1 and 2) 

Supply Voltage (V + ) to GND 40V 

Supply Voltage (Vcc) to GND or V - 12V 

Negative Supply Voltage (V~) - 6V to GND 

Voltage 

Analog and Reference Inputs . . (V - ) - 0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs - 0.3V to Vcc + 0.3V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1095BC, LTC1095CC 0°C to 70°C 

LTC1095BM, LTC1095CM - 55°C to 125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


cm\T 

chi[T 

CH2[T 

CH3|T 

CH4[T 

CH5[T 

com[T 

dgnd[T 

v-U 


TOP VIEW 


LTC1095 


J PACKAGE 
18-LEAD CERAMIC DIP 


m Vcc 

j7] CLK 
Hies 

TO °0UT 

TT| Din 

30 ref in 
Oagnd 
O ref out 
7o]v+ 


ORDER PART 
NUMBER 


LTC1095BMJ 

LTC1095CMJ 

LTC1095BCJ 

LTC1095CCJ 

LTC1095BCN 

LTC1095CCN 


l\l PACKAGE 
18-LEAD PLASTIC DIP 


COAV6RTCR RAD MULTIPLEXER CHARACT€RISTICS (Notes) 

(With internal reference) 


PARAMETER 

CONDITIONS 

(See Schematic of Figure 1) 

LTC1095B 

MIN TYP MAX 

LTC1095C 

MIN TYP MAX 

UNITS 

Offset Error 

(Notes 4 and 5) 

• 

±0.5 

±0.5 

LSB 

Linearity Error 

• 

±0.5 

±0.5 

Gain Error 

(Note 4) 

Commercial Range 
Military Range 


±0.1 

±0.2 

%FSR 

• 

±0.15 

±0.3 

• 

±0.2 

o 

+1 

Total Unadjusted Error 

(Notes 4 and 6) 

Commercial Range 
Military Range 


±0.15 

±0.25 

%FSR 

• 

±0.2 

±0.35 

• 

±0.25 

±0.45 

Full Scale Error 
Temperature Coefficient 

Commercial Grade 
Military Grade 
(Note 10) 

• 

(Note 9) 

(Note 9) 

ppm/°C 

• 

23 

45 
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LTC1095 


lATCRAAl fi€F€R€AC€ CHARACTERISTICS (Note 3) 


PARAMETER 

CONDITIONS 

LTC1095B 

MIN TYP MAX 

LTC1095C 

MIN TYP MAX 

UNITS 

Output Voltage 



5.000 

5.000 

V 

Output Voltage Temperature 



2 


5 


ppm/°C 

Coefficient 








Line Regulation 

7.2V<V + <10V 


4 

12 

4 

12 

ppm /V 



• 


20 


20 



10V<V + <40V 


2 

6 

2 

6 




• 


10 


10 


Load Regulation 

O^I'refoutI^ 10 ^ 


10 

25 

10 

25 

ppm/mA 

(Sourcing Current) 


• 


40 


40 


Load Regulation 

0 ^ 1 >ref outI ^ 1 0mA 


60 

150 

60 

150 


(Sinking Current) 


• 


200 


200 



DIGITAL RAD DC ELECTRICAL CHARACTERISTICS (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1 095B/LTC1 095C 

MIN TYP MAX 

UNITS 

VlH 

High Level Input Voltage 

V CC = 5.25V 

• 

2.0 

V 

VlL 

Low Level Input Voltage 

V CC = 4.75V 

• 

0.8 

V 

■ih 

High Level Input Current 

V IN = V CC 

• 

2.5 1 

flk 

IlL 

Low Level Input Current 

v,n=ov 

• 

-2.5 

nA 

V OH 

High Level Output Voltage 

V CC = 4-75V, l o = 10/iA 


4.7 

V 



Iq = 360/iA 

• 

2.4 4.0 

V 

VOL 

Low Level Output Voltage 

Vcc = 4.75V, l 0 = 1.6mA 

• 

0.4 

V 

•oz 

Hi-Z Output Leakage 

Vout = Vqc i CS High 

• 

3 

liA 



V 0 ut = 0V, CS High 

• 

-3 

iiA 

■source 

Output Source Current 

V O UT = 0V 


-10 

mA 

■sink 

Output Sink Current 

V OUT = V CC 


10 

mA 

■cc 

Positive Supply Current 

CS High, REF+ Open 

• 

1.0 2.5 

mA 

■refin 

Reference Input Current 

REF,n = 5V 

• 

0.5 1.0 

mA 

1- 

Negative Supply Current 

CS High 

• 

1 50 

liA 

1+ 

On Chip Reference Current 

V + = 10V REFqut Open 

• 

0.8 1.2 

mA 


Reference Input Resistance 



10 

kQ 


Analog and REF Input Range 

(Note 7) 


(V-)- 0.05V to V cc + 0.05V 

V 


On Channel Leakage 

On Channel = 5V 





Current (Note 8) 

Off Channel = 0V 

• 

1 




On Channel = 0V 






Off Channel = 5V 

• 

-1 



Off Channel Leakage 

On Channel = 5V 





Current (Note 8) 

Off Channel = 0V 

• 

-1 

ftA 



On Channel = 0V 

I 





Off Channel = 5V 


1 
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LTC1095 


AC CHARACTCRISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LT Cl 095B/LTC1 095C 
MIN TYP MAX 

UNITS 

Wl 

Analog Input Sample Time 

See Operating Sequence 


1.5 

CLK Cycles 

tcONV 

Conversion Time 

See Operating Sequence 


10 

CLK Cycles 

tdDO 

Delay Time, CLK1 to D 0UT Data Valid 

See Parameter Measurement Section 

• 

400 

850 

ns 

fdis 

Delay Time, CSt to D 0 ut Hi-Z 

See Parameter Measurement Section 

• 

180 

450 

ns 

fen 

Delay Time, CLKI to D 0 ut Enabled 

See Parameter Measurement Section 

• 

160 

450 

ns 

fhDO 

Time Output Data Remains Valid After CLKI 



1 150 | 

ns 

t f 

D 0 ut Fall Time 

See Parameter Measurement Section 

• 

90 

300 

ns 

tr 

Dout Rise Time 

See Parameter Measurement Section 

• 

60 

300 

ns 

C IN 

Input Capacitance 

Analog Inputs On Channel 


65 


PF 



Off Channel 


5 


PF 



Digital Inputs 


5 


PF 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND, 
and REF" wired together (unless otherwise noted). 

Note 3: V cc = 5V, REF, N = REF 0UT , V + = 10V, I RE fout= 0, V“ = 0V for uni- 
polar mode and - 5 V for bipolar mode, CLK = 0.5MHz unless otherwise 
specified. The • indicates specs which apply over the full operating tem- 
perature range; all other limits and typicals T A = 25°C. 

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2REF iN ) divided by 1024. 
For example, when REF, N = 5V, 1 LSB (bipolar) = 2(5V)/1024 = 9.77mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 

Note 6: Total unadjusted error includes offset, full scale, linearity, multi- 
plexer, reference and hold step errors. 

Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 


below V " or one diode drop above V cc . Be careful during testing at low V cc 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full-scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute 0 V to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: For commercial grade parts with tested and specified T.C. consult 
the factory. 

Note 10: This is specified for both unipolar and bipolar modes via the 
“box” method. The lowest of three readings (T MiN , T RO om> t max) subtracted 
from the highest and divided by T MAX - T M | N is guaranteed to be less than 
the specified T.C. These numbers are guaranteed by the MIL range gain er- 
ror test limits. For tighter T.C. specifications, consult the factory. 


RecommcnDCD opcratirg corridors 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1095B/LTC1095C 

MIN MAX 

UNITS 

v cc 

Supply Voltage 


4.5 10 

V 

v- 

Negative Supply Voltage 

Vcc=5V 

-5.5 0 

V 

fdK 

Clock Frequency 

V CC = 5V 

0.01 0.5 

MHz 

fCYC 

Total Cycle Time 


18 CLK Cycles + 2/tS 


fhDI 

Hold Time, D )N After SCLKI 

V CC = 5V 

150 

ns 

fsuCS 

Setup Time CSi Before CLKI 

£ 

ii 

8 

> 

1 

MS 

fsuDI 

Setup Time, D )N Stable Before CLKI 

V CC =5V 

400 

ns 

fwHCLK 

CLK High Time 

V CC = 5V 

0.8 

ms 

fwLCLK 

CLK Low Time 

£ 

ii 

8 

> 

1 

MS 

fwHCS 

CS High Time Between Data Transfer Cycles 

V CC =5V 

2 

MS 

twLCS 

CS Low Time During Data Transfer 


18 

CLK Cycles 
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LTC1095 


T€ST CIRCUITS 

On and Off Channel Leakage Current 



Voltage Waveforms for Dqut Delay Time, tdoo 



Load Circuit for tdis and t en 

t dls WAVEFORM 2, ten 
t dls WAVEFORM 1 




Voltage Waveforms for Dqut Rise and Fall Times, t r , tf 
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LTC1095 


pin Functions 


LTC1095# 

PIN 

FUNCTION 

DESCRIPTION 

1-6 

CH0-CH5 

Analog Inputs 

The analog inputs must be free of noise with respect to AGND. 

7 

COM 

Common 

The common pin defines the zero reference point for all single ended inputs. It 
must be free of noise and is usually tied to the analog ground plane. 

8 

DGND 

Digital Ground 

This is the ground for the internal logic. Tie to the ground plane. 

9 

v- 

Negative Supply 

Tie V- to most negative potential in the circuit. (Ground in single supply 
applications.) 

10 

V+ 

Reference Supply 

Supply pin for on board reference. 

11 

REFqut 

Reference Output 

Output of on board reference. 

12 

AGND 

Analog Ground 

AGND should be tied directly to the analog ground plane. 

13 

REF, n 

Reference Input 

The reference input must be kept free of noise with respect to AGND. 

14 

Din 

Data Input 

The A/D configuration word is shifted into this input. 

15 


Digital Data Output 

The A/D conversion result is shifted out of this output. 

16 

Chip Select Input 

A logic low on this input enables the LTC1095. 

17 

CLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

18 

v cc 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the 
analog ground plane. 


block DinGnnm 


Vcc 



9-62 


XTUDS3K 












LTC1095 


TYPICAL P€AFOAfflAAC€ CHAAACT6RISTICS 


Change in Offset Error vs 
Temperature 




REF 

CLK' 

— 

n = 5V 
=500k 

Hz 



















. .. . | 




















Change in Linearity Error vs 
Temperature 


I 05 

z 

± 0.4 

0 

1 0.3 
o 

£ 

S 02 

z 

o 0.1 






— n 

REF| N =5V 

1z - 





OLI\ 

— OUUK 























— 





- 


-25 0 25 50 75 100 

AMBIENT TEMPERATURE, TA(°C) 


-25 0 25 50 75 100 

AMBIENT TEMPERATURE, T A (°C) 


Change in Full Scale Error vs 
Temperature 



AMBIENT TEMPERATURE, T A (°C) 


Digital Input Logic Threshold vs 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V CC (V) 


Dqut Delay Time vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Dout Delay Time vs Vcc Supply 
Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V CC (V) 


Maximum Clock Rate vs 
Temperature 



- 50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Maximum Clock Rate vs Vcc 
Supply Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V C c (V) 


Minimum Clock Rate vs 
Temperature 



‘MAXIMUM CLK FREQUENCY REPRESENTS THE HIGHEST FREQUENCY AT WHICH CLK CAN BE “AS THE CLK FREQUENCY IS DECREASED FROM 500kHz, MINIMUM CLK FREQUENCY 
OPERATED (WITH 50% DUTY CYCLE) WHILE STILL PROVIDING 100ns SETUP TIME FOR THE (AERR0R<0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN ANY CODE 
DEVICE RECEIVING THE Dqut DATA. TRANSITION FROM ITS 500kHz VALUE IS FIRST DETECTED. 


jrmm 
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PEAK-TO-PEAK NOISE ERROR (LSBs) 0FFSET ERR0R (LSBs ~ 1024 x REF|n) MAXIMUM CLK FREQUENCY (AERROR <0. 1 LSB)*** (MHz) 


LTC1095 


typical P€RFonmnnc€ chimactcmstics 


Maximum Clock Rate vs Source Maximum Filter Resistor vs Cycle Sample and Hold Acquisition 

Resistance Time Time vs Source Resistance 



Unadjusted Offset Error vs Linearity Error vs Reference Change in Full Scale Error vs 

Reference Voltage Voltage _ Reference Voltage 


Ik 

10k 

10 

100 1000 

10k 

' 100 

Ik 

10k 

R SOURCE ( n ) 



CYCLE TIME, t C YC (/*) 



r S 0URCE + ( fl ) 




REFERENCE VOLTAGE, REF, N (V) REFERENCE VOLTAGE, REF, N (V) REFERENCE VOLTAGE, REF in (V) 


Noise Error vs Reference Voltage Offset Error vs Supply Voltage Linearity Error vs Supply Voltage 



0.2 1 5 456789 10 456789 10 

REFERENCE VOLTAGE, REF )N (V) SUPPLY VOLTAGE, V c c (V) SUPPLY VOLTAGE, V cc (V) 


"AS THE CLK FREQUENCY AND SOURCE RESISTANCE ARE INCREASED, MAXIMUM CLK ****MAXIMUM R F |LTER REPRESENTS THE FILTER RESISTOR VALUE AT WHICH A 0.1LSB 

FREQUENCY (AERROR <0.1LSB) REPRESENTS THE FREQUENCY AT WHICH A 0.1LSB SHIFT IN CHANGE IN FULL-SCALE ERROR FROM ITS VALUE AT RrlTER=0 IS FIRST DETECTED. 
ANY CODE TRANSITION FROM ITS 500kHz, Ofi VALUE IS FIRST DETECTED. 
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CHANGE IN FULL SCALE ERROR (LSBs) 


LTC1095 


TYPICAL PCRFORfflARCC CHARACTCRISTICS 


Change in Full Scale Error vs Vcc 
Supply Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V CC (V) 


Vcc Supply Current vs Supply 
Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE, V CC (V) 


Vcc Supply Current vs 
Temperature 


V 



i i 

REF | N OPEN 

CLK — 500kH? „ 


N 



CS 

v c 

= 5V 

C = 5V 
































-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Reference Current vs Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Input Channel Leakage Current vs 
Temperature 

1000 

< 900 

£ 800 
LU 

| 700 
S 600 

| 500 

5 400 

1 300 
n= 

£ 200 
S 100 


-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 
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o 
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□ 
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V + Supply Current vs 
Temperature 



AMBIENT TEMPERATURE, T a (°C) 


V + Supply Current vs Supply 
Voltage 






| ] 





REFo'ut DRIVING 
RFFm AND 

CL 

CS 

K=GN 
= GND 

) 


POW 

ERING 

cc 







OUT ~ 

riNG 

N 






DRI\ 

REF 












r! 

*0UT C 

t=l 

IPEN 



5 10 15 20 25 30 35 40 


SUPPLY VOLTAGE, V + (V) 


Change in Full Scale Error vs V + 
Supply Voltage 
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LTC1095 


ftppucnnons mFORmnnon 

The LTC1095 is a data acquisition component which con- 
tains the following functional blocks: 

1 . 10-bit successive approximation A/D converter 

2. Analog multiplexer (MUX) 

3. Sample and hold (S&H) 

4. Synchronous, half duplex serial interface 

5. Control and timing logic 

6. On board reference 

DIGITAL CONSIDERATIONS 
1. Serial Interface 

The LTC1095 communicates with microprocessors and 
other external circuitry via a synchronous, half duplex, 
four wire serial interface (see Operating Sequence). The 
clock (CLK) synchronizes the data transfer with each bit 
being transmitted on the falling CLK edge and captured on 
the rising CLK edge in both transmitting and receiving sys- 
tems. The LTC1095 first receives input data and then 
transmits back the A/D conversion result (half duplex). Be- 
cause of the half duplex operation, Din and Dout may_be 
tied together allowing transmission over just 3 wires: CS, 
CLK and DATA (D| N /D 0 ut)- 

Data transfens initiated by a falling chip select (CS) 
signal. After CS falls the LTC1095 looks for a start bit. Af- 
ter the start bit is received, a 6-bit input word is shifted into 
the Din input which configures the LTC1095 and starts the 
conversion. After one null bit, the result of the conversion 
isoutput on the Dout line. At the end of the data exchange 
CS should be brought high. This resets the LTC1095 in 
preparation for the next data exchange. 


2. Input Data Word 

The LTC1095 clocks data into the Din input on the rising 
edge of the clock. The input data word is defined as follows: 


Unipolar/ 

i Tr.incK nata innnt rrw,\ Word- Bipolar 



MUX Address MSB First/ 

LSB First 


Start Bit 

The first “logical one” clocked into the Din input after CS 
goes low is the start bit. The start bit initiates the data 
transfer. The LTC1095 will ignore all leading zeros which 
precede this logical one. After the start bit is received, the 
remaining bits of the input word will be clocked in. Further 
inputs on the Din pin are then ignored until the next CS 
cycle. 



1 Null Bit Shift A/D Conversion 
Result Out 
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LTC1095 


application mFonmATion 


Multiplexer (MUX) Address 

The bits of the input word following the START bit assign 
the MUX configuration for the requested conversion. For a 
given channel selection, the converter will measure the 
voltage between the two channels indicated by the + and 
- signs in the selected row of the following tables. In sin- 
gle ended mode, all input channels are measured with re- 
spect to COM. 

LTC1095 Channel Selection 


MUX ADDRESS 

DIFFERENTIAL CHANNEL SELECTION 

SGL/ 

DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

i 

2 

3 

4 

5 

0 

0 

0 0 

+ 

- 





0 

0 

0 1 



+ 

- 



0 

0 

1 0 





+ 

- 

0 

0 

1 1 

NOT USED | 

0 

1 

0 0 

- 

+ 





0 

1 

0 1 



- 

+ 



0 

1 

1 0 





- 

+ 

0 

1 

1 1 

NOT USED | 


MUX ADDRESS 

SINGLE ENDED CHANNEL SELECTION | 

SGL/ 

DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

COM 

1 

0 

0 0 

+ 






- 

1 

0 

0 1 



+ 




- 

1 

0 

1 0 





+ 


- 

1 

0 

1 1 

NOT USED | 

1 

1 

0 0 


+ 





- 

1 

1 

0 1 




+ 



- 

1 

1 

1 0 






+ 

- 

1 

1 

1 1 

NOT USED | 


MSB First/LSB First (MSBF) 

The output data of the LTC1095 is programmed for MSB 
first or LSB first sequence using the MSBF bit. When the 
MSBF bit is a logical one, data will appear on the Dout line 
in MSB first format. Logical zeros will be filled in indefi- 
nitely following the last data bit to accommodate longer 
word lengths required by some microprocessors. When 
the MSBF bit is a logical zero, LSB first data will follow the 
normal MSB first data on the Dout line. (See operating 
sequence). 


LTC1095 Operating Sequence 

Example: Differential Inputs (CH4 + , CH5 - ), Unipolar Mode 


MSB First Data (MSBF =1) 


CS 


1 _ 


-iJiruxTLjmrLAjmjirL^ 

START SEL1 UNI 


Dout - 


m n nr 


SGL/ ODD/ SELO 

DIFF SIGN 

Hi-Z 

MSBF 

BO | FILLED WITH ZEROES |— ^ 

tSMPL- 

-j- l CONV — ► 



LSB First Data (MSBF =0) 


t* 

«"L 


J L 


START SEL1 UNI 

n n m 


SGL/ ODD/ SELO 
DIFF SIGN 

Hi-Z Hi-Z 


-fCQNV- 


FILLED 

WITH ZEROES 


jtw 
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LTC1095 


application mFORmnnon 


Unipolar/Bipolar (UNI) 

The UNI bit of the LTC1095 determines whether the conver- 
sion will be unipolar or bipolar. When UNI is a logical one, a 
unipolar conversion will be performed on the selected input 
voltage. When UNI is a logical zero, a bipolar conversion will 
result. The input span and code assignment for each con- 
version type are shown in the figures below. 


Unipolar Output Code (UNI = 1) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(REF, n = 5V) 

1111111111 

REF| N -1LSB 

4.9951V 

1111111110 

REF| N — 2LSB 

4.9902V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0049V 

0000000000 

OV 

OV 


Bipolar Output Code (UNI = 0) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(REF in = 5V) 

0111111111 

REF, n -1LSB 

4.9902V 

0111111110 

REF, n -2LSB 

4.9805V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0000000001 

1LSB 

0.0098V 

0000000000 

OV 

OV 

1111111111 

-1LSB 

-0.0098V 

1111111110 

-2LSB 

-0.0195V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1000000001 

-(REF| N ) + 1LSB 

-4.9902V 

1000000000 

- (REFin) 

-5.000V 


Unipolar Transfer Curve (UNI = 1) 



Bipolar Transfer Curve (UNI = 0) 
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LTC1095 


APPLICATIONS lAFOAmATIOn 

3. Accommodating Microprocessors with Different Word 
Lengths 

The LTC1095 wi[l fill zeroes indefinitely after the transmit- 
ted data until CS is brought high. At that time the Dout line 
is disabled. This makes interfacing easy to MPU serial 
ports with different transfer increments including 4 bits 
(e.g., COP400) and 8 bits (e.g., SPI and MICROWIRE/PLUS). 

Figure 1 shows examples of LTC1095 input and output 
words for 4-bit and 8-bit processors. A complete data ex- 
change can be implemented with two 4-bit MPU outputs 
and three inputs in 4-bit systems and one 8-bit output and 
two inputs in 8-bit systems. The resulting data winds up 
left justified in the MPU with zeroes automatically filled in 
the unused low order bits by the LTC1095. In section 5 an- 
other example is given using the MC68HC05C4 which 
positions data right justified inside the MPU. 


4. Operation with Din and Dout Tied Together 

The LTC1095 can be operated with Dim and Dout tied to- 
gether. This eliminates one of the lines required to 
communicate to the MPU. Data is transmitted in both 
directions on a single wire. The processor pin connected 
to this data line should be configurable as either an input 
or an output. The LTC1095 will take control of the data line 
and drive it low on the 7th falling CLK edge after the start 
bit is received (see Figure 2). Therefore the processor port 
line must be switched to an input before this happens, to 
avoid a conflict. 

In the next section, an example is made of interfacing the 
LTC1095 with Dim and Dout tied together to the Intel 8051 
MPU. 


«n r 

START __________ 

° w rfe'isisf si i s ° i msbf I& • • • 


- ] | B9 | B8 | B7 | B6 | "l35 b7 | B3 | B2 | B1 | BO 


r 


MPU SENDS 
2 D| N WORDS 


MPU READS BACK 

L 3 Dqut words 


1 SGL/ ODD/ <!1 
1 DIFF sign ai 


SO UNI MSBF X 


X = DON’T CARE 


B7 B6 1 1 B5 B4 B3 B2 


MPU SENDS 
1 Din WORD 


IfIsign s< 50 ” MS6F » 


8-BIT I 
TRANSFERS | 


MPU READS BACK 
l 2 Dout WORDS 


B9 B8 B7 B6 B5 B4 B3 B2 1 


OOOOOO 


Figure 1. LTC1095 Input and Output Word Arrangments for 4-Bit and 8-Bit Serial Port Microprocessors 
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MSBF BIT 
LATCHED 
BY LTC1095 


cs [ 



DATA(D| N /D 0 ut) 



ODD/ / \ / 

SIGN/ SI \ SO / 


UNI 



B9 


B8 


MPU CONTROLS 
DATA LINE AND SENDS 
MUX ADDRESS TO LTC1095 


LTC1095 CONTROLS 
DATA LINE AND SENDS 
A/D RESULT BACK TO MPU 


PROCESSOR | 

MUST RELEASE , 

DATA LINE AFTER 7TH H 

RISING CLK AND BEFORE 
THE 7TH FALLING CLK 


LTC1095 TAKES CONTROL OF DATA LINE 
ON 7TH FALLING CLK 


Figure 2. LTC1 095 Operation with Din and Dqut Tied Together 


5. Microprocessor Interfaces 

The LTC1095 can interface directly (without external hard- 
ware) to most popular microprocessor (MPU) synchronous 
serial formats (see Table 1). If an MPU without a dedicated 
serial port is used, then 3 or 4 of the MPU’s parallel port 
lines can be programmed to form the serial link to the 
LTC1095. Included here are one serial interface example 
and one example showing a parallel port programmed to 
form the serial interface. 

Motorola SPI (MC68HC05C4, MC68HC11) 

The MC68HC05C4 has been chosen as an example of an 
MPU with a dedicated serial port. This MPU transfers data 
MSB first and in 8-bit increments. With three 8-bit trans- 
fers, the A/D result is read into the MPU. The first 8-bit 
transfer sends the start bit and the SGL/DIFF bit of the Din 
word to the LTC1095. The second 8-bit transfer clocks the 
remaining Din word bits, and B9 and B8 of the A/D conver- 
sion result. The third transfer clocks the remaining Dout 
bits into the j(P. 

ANDing the most significant byte with 03 Hex clears the 6 
most significant bits. Notice how the position of the start 
bit in the first MPU transmit word is used to position the 
A/D result right justified in two memory locations. 


Table 1 . Microprocessors with Hardware Serial 
Interfaces Compatible with the LTC1095 


PART NUMBER 

TYPE OF INTERFACE | 

Motorola | 

MC6805S2, S3 

SPI 

MC68HC11 

SPI 

MC68HC05 

SPI 

RCA | 

CDP68HC05 

SPI I 

Hitachi | 

HD6305 

SCI Synchronous 

HD63705 

SCI Synchronous 

HD6301 

SCI Synchronous 

HD63701 

SCI Synchronous 

HD6303 

SCI Synchronous 

HD64180 

CSI/O 

National Semiconductor | 

COP400 Family 

MICROWIREf 

COP800 Family 

MICROWIRE/PLUSt 

NS8050U 

MICROWIRE/PLUS 

H PC 16000 Family 

MICROWIRE/PLUS 

Texas Instruments | 

TMS7002 

Serial Port 

TMS7042 

Serial Port 

TMS70C02 

Serial Port 

TMS70C42 

Serial Port 

TMS32011* 

Serial Port 

TMS32020 

Serial Port 

TMS320C25* 

Serial Port 


‘Requires external hardware 
fMICROWIRE and MICROWIRE/PLUS are trademarks 
of National Semiconductor Corp. 
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Data Exchange Between LTC1095 and MC68HC05C4 


MPU TRANSMIT 
WORD 


BYTE 1 START 



BYTE 2 


0DD/| 

SIGN 


SO 


uni ImsbfI X 


X 


BYTE 3 (DUMMY) 

_X X X X | X | x~ X | X 


cs L 


X = DON'T CARE 


n 


SGL/ 

DIFF 


ODD/ 

SIGN 


| SI | so [ u 


iiiiiirLRrLriri njuuuiruui ruinjimnn 


d 0UT 


MPU 

RECEIVED WORD 



BYTE 1 BYTE 2 


j f j ? | ’ j ’ | 7 J 0 J B9 | 

0 


| B7 j B6 j 

| B5 j B4 J B3 j B2 | B1 | BO | 

1ST TRANSFER *| 

2ND TRANSFER - 


Hardware and Software Interface to Motorola MC68HC05C4 
Microcontroller 


ANALOG 

INPUTS 



Dqut from LTC1095 stored in MC68HC05C4 RAM 


Location A 
Location A + 1 


MSB 



byte 1 
byte 2 


LABEL 

MNEMONIC 

COMMENTS 

START 

BCLRn 

Bit 0 Port C goes low (CS goes low) 


LDA 

Load LTC1095 D| N word into Acc. 


STA 

Load LTC1095 D (N word into SPI from Acc. 
Transfer begins. 


TST 

Test status of SPI F 


BPL 

Loop to previous instruction if not done 
with transfer 


LDA 

Load next LTC1095 D| N word into Acc. 


STA 

Load LTC1095 D| N word into SPI from Acc. 
Transfer begins. 


TST 

Test status of SPIF 


BPL 

Loop to previous instruction if not done 
with transfer 


LDA 

Load contents of SPI data register 
into Acc. (D 0 ut MSBs) 


STA 

Start next SPI cycle 


AND 

Clear 6 MSBs of first D 0 ut word 


STA 

Store in memory location A (MSBs) 


TST 

Test status of SPIF 


BPL 

Loop to previous instruction if not done 
with transfer _ 


BSETn 

Set BO of Port C(CS goes high) 


LDA 

Load contents of SPI data register into 

Acc. (D 0 u T LSBs) 


STA 

Store in memory location A + 1 (LSBs) 



XTU® 
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Interfacing to the Parallel Port of the Intel 8051 Family 

The Intel 8051 has been chosen to demonstrate the inter- 
face between the LTC1095 and parallel port microproc- 
essors. Normally the CS, CLK and Din signals would be 
generated on 3 port lines and the Dout signal read on a 4th 
port line. This works very well. However, we will demon- 
strate here an interface with the Din and Dout of the 
LTC1095 tied together as described in section 4. This 
saves one wire. 

The 8051 first sends the start bit and MUX address to the 
LTC1095 over the data line connected to PI .2. Then PI .2 is 
reconfigured as an input (by writing to it a one) and the 
8051 reads back the 10-bit A/D result over the same data 
line. 

Hardware and Software Interface to 8051 Microcontroller 


ANALOG 

INPUTS 



GS 


PI .4 




LTC1095 CLK 


n d 8051 

Di 0 


Dout 

Din 

IT 


r 1 .c 



MUX ADDRESS 



A/D RESULT” 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


MOV 

A, #FFH 

D, n word for LTC1095 


SETB 

PI .4 

Make sure CS is high 


CLR 

PI .4 

CSgoes low 


MOV 

R4, #07 

Load counter 

LOOP1 

RLC 

A 

Rotate D| N bit into Carry 


CLR 

PI .3 

CLK goes low 


MOV 

P1.2, C 

Output D| N bit to 

LTC1095 


SETB 

PI .3 

CLK goes high 


DJNZ 

R4, LOOP 1 

Next bit 


MOV 

PI, #04 

Bit 2 becomes an input 


CLR 

PI .3 

CLK goes low 


MOV 

R4, #09 

Load counter 

LOOP 

MOV 

C, PI .2 

Read data bit into Carry 


RLC 

A 

Rotate data bit into Acc. 


SETB 

PI .3 

CLK goes high 


CLR 

PI .3 

CLK goes low 


DJNZ 

R4, LOOP 

Next bit 


MOV 

R2, A 

Store MSBs in R2 


MOV 

C, PI .2 

Read data bit into Carry 


SETB 

PI .3 

CLK goes high 


CLR 

PI .3 

CLK goes low 


CLR 

A 

Clear Acc. 


RLC 

A 

Rotate data bit from 

Carry to Acc. 


MOV 

C, PI .2 

Read data bit into Carry 


RRC 

A 

Rotate right into Acc. 


RRC 

A 

Rotate right into Acc. 

l 

MOV 

R3, A 

Store LSBs in R3 


SETB 

PI .4 

CS goes high 


Dqut from LTC1095 stored in 8051 RAM 


R2 

R3 


MSB 



Data Exchange Between LTC1095 and 8051 



8051 PI 2 OUTPUTS DATA I I LTC1095 SENDS A/D RESULT 

TO LTC1095 j j BACK TO 8051 PI 2 


8051 PI 2 RECONFIGURED I 
AS AN INPUT AFTER THE 7TH RISING — H 
CLK AND BEFORE THE 7TH FALLING CLK 


LTC1095 TAKES CONTROL OF DATA 
LINE ON 7TH FALLING CLK 
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6 CHANNELS 6 CHANNELS 6 CHANNELS 


3 WIRE SERIAL 
INTERFACE TO OTHER 
PERIPHERALS OR LTC1095S 


Figure 3. Several LTC1095s Sharing One 3 Wire Serial Interface 


Sharing the Serial Interface 

The LTC1095 can share the same 2 or 3 wire serial inter- 
face with other peripheral compo_nents or other LTC1095s 
(see Figure 3). In this case, the CS signals decide which 
LTC1095 is being addressed by the MPU. 

ANALOG CONSIDERATIONS 
1. Grounding 

The LTC1095 should be used with an analog ground plane 
and single point grounding techniques. 

The AGND pin should be tied directly to this ground plane. 

The DGND pin of the LTC1095 can also be tied directly to 
this ground plane because minimal digital noise is 
generated within the chip itself. 

The Vcc pin should be bypassed to the ground plane with 
a 4.7((F tantalum with leads as short as possible. The V" 
pin should be bypassed with a 0. fyF ceramic disk. For sin- 
gle supply applications, V" can be tied to the ground 
plane. 


It is also recommended that the COM pin be tied directly 
to the ground plane. All analog inputs should be refer- 
enced directly to the single point ground. Digital inputs 
and outputs should be shielded from and/or routed away 
from the reference and analog circuitry. 

Figure 4 shows an example of an ideal LTC1095 ground 
plane design for a two sided board. Of course this much 
ground plane will not always be possible, but users should 
strive to get as close to this ideal as possible. 


V CC 
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2. Bypassing 

For good performance, Vcc must be free of noise and rip- 
ple. Any changes in the Vcc voltage with respect to analog 
ground during a conversion cycle can induce errors or 
noise in the output code. Vcc noise and ripple can be kept 
below ImV by bypassing the Vcc pin directly to the analog 
ground plane with a 4.7pF tantalum with leads as short as 
possible. Figures 5 and 6 show the effects of good and 
poor Vcc bypassing. 

3. Analog Inputs 

Because of the capacitive redistribution A/D conversion 
techniques used, the analog inputs of the LTC1095 have 
capacitive switching input current spikes. These current 
spikes settle quickly and do not cause a problem. How- 
ever, if large source resistances are used or if slow set- 
tling op amps drive the inputs, care must be taken to 
insure that the transients caused by the current spikes 
settle completely before the conversion begins. 

Source Resistance 

The analog inputs of the LTC1095 look like a 60pF capaci- 
tor (Cin) in series with a 5000 resistor (Ron) as shown in 
Figure 7. Cin gets switched between the selected “ + ” and 
“ - ” inputs once during each conversion cycle. Large ex- 
ternal source resistances and capacitances will slow the 
settling of the inputs. It is important that the overall RC 
time constants be short enough to allow the analog inputs 
to completely settle within the allowed time. 

“ + ” Input Settling 

This input capacitor is switched onto the “ + ” input during 
the sample phase (tsMPL, see Figure 8). The sample phase 
is the 1 1/2 CLK cycles before the conversion starts. The 
voltage on the “ + ” input must settle completely within 
this sample time. Minimizing Rsource + and Cl will im- 
prove the input settling time. If large “ + ” input source re- 


sistance must be used, the sample time can be increased 
by using a slower CLK frequency. With the minimum 
possible sample time of 3ps, Rsource + <2k and Cl <20pF 
will provide adequate settling. 


HORIZONTAL: lO^s/DIV 

Figure 5. Poor Vcc Bypassing. Noise and Ripple Can Cause 
A/D Errors. 



HORIZONTAL: 10^s/DIV 

Figure 6. Good Vcc Bypassing Keeps Noise and Ripple On Vcc 
Below ImV 




Figure 7. Analog Input Equivalent Circuit 
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SAMPLE 



" + ” INPUT 


r 


INPUT 


k 


Figure 8. “ + ” and “ - ” Input Settling Windows 


Input Settling 

At the end of the sample phase the input capacitor 
switches to the “ - ” input and the conversion starts (see 
Figure 8). During the conversion, the “ + ” input voltage is 
effectively “held” by the sample and hold and will not af- 
fect the conversion result. However, it is critical that the 
input voltage settle completely during the first CLK 
cycle of the conversion time and be free of noise. Minimiz- 
ing Rsource" and C2 will improve settling time. If large 
input source resistance must be used, the time al- 
lowed for settling can be extended by using a slower CLK 
frequency. At the maximum CLK rate of 500kHz, 
^source” <1kO and C2<20pF will provide adequate 
settling. 


Input Op Amps 

When driving the analog inputs with an op amp it is im- 
portant that the op amp settle within the allowed time (see 
Figure 8). Again, the “+” and input sampling times 
can be extended as described above to accommodate 
slower op amps. Most op amps including the LT1006 and 
LT1013 single supply op amps, can be made to settle well 
even with the minimum settling windows of 3/ts (“ + ” input) 
and 2/tS (“ - ” input) which occur at the maximum clock rate 
of 500kHz. Figures 9 and 10 show examples of adequate 
and poor op amp settling. 


JT\im 
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RC Input Filtering 

It is possible to filter the inputs with an RC network as 
shown in Figure 11. For large values of Cf (e.g., fyF), the 
capacitive input switching currents are averaged into a 
net DC current. Therefore, a filter should be chosen with a 
small resistor and large capacitor to prevent DC drops 
across the resistor. The magnitude of the DC current is ap- 
proximately I dc = 60pF x ViN/tcYC and is roughly propor- 
tional to % When running at the minimum cycle time of 
38 /jS, the input current equals 8pA at Vin = 5V. In this case, 
a filter resistor of 500 will cause 0.1 LSB of full-scale error. 
If a larger filter resistor must be used, errors can be elim- 
inated by increasing the cycle time as shown in the typical 
curve of Maximum Filter Resistor vs Cycle Time. 


begins as the bit preceding the MSBF bit is shifted in and 
continues until the falling CLK edge after the MSBF bit is 
received. On this falling edge, the S&H goes into hold 
mode and the conversion begins. 



HORIZONTAL: IpS/DIV 


Figure 9. Adequate Settling of Op Amp Driving Analog Input 


Input Leakage Current 

Input leakage currents can also create errors if the source 
resistance gets too large. For instance, the maximum in- 
put leakage specification of fyA (at 125°C) flowing 
through a source resistance of IkQ will cause a voltage 
drop of ImV or 0.2LSB. This error will be much reduced 
at lower temperatures because leakage drops rapidly 
(see typical curve of Input Channel Leakage Current vs 
Temperature). 

4. Sample and Hold 

Single Ended Inputs 

The LTC1095 provides a built-in sample and hold (S&H) 
function for signals acquired in the single ended mode. 
This sample and hold allows conversion of rapidly varying 
signals (see typical curve of S&H Acquisition Time vs 
Source Resistance). The input voltage is sampled during 
the tsMPL time as shown in Figure 8. The sampling interval 


HORIZONTAL: 20,iS/DIV 

Figure 10. Poor Op Amp Settling Can Cause A/D Errors 



R FILTER IPG -». 



— C filter 

LTG1G95 

i -f~ 



Figure 11. RC Input Filtering 
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Differential Inputs 

With differential inputs, the A/D no longer converts just a 
single voltage but rather the difference between two volt- 
ages. In this case, the voltage on the selected “ + ” input is 
still sampled and held and therefore may be rapidly time 
varying just as in single ended mode. However, the voltage 
on the selected ” input must remain constant and be 
free of noise and ripple throughout the conversion time. 
Otherwise, the differencing operation may not be per- 
formed accurately. The conversion time is 10 CLK cycles. 
Therefore, a change in the input voltage during this 
interval can cause conversion errors. For a sinusoidal volt- 
age on the “ - ” input this error would be: 

VeRROR (MAX) = VpEAK X 2 XXX f(“ - ”) X 1 0/fcLK 

Where f(“-”) is the frequency of the input voltage, 
Vpeak is its peak amplitude and fcLK is the frequency of 
the CLK. In most cases Verror will not be significant. For 
a 60Hz signal on the “ - ” input to generate a 1/4LSB error 
(1.25mV) with the converter running at CLK = 500kHz, its 
peak value would have to be 150mV. 

5. Internal Reference 

The LTC1095 contains an internal precision 5V buried 
zener reference which is capable of supplying the full 
scale reference for the converter when connected as 
shown in Figure 15. With its 10mA output current the refer- 
ence can also power the A/D and other external circuitry to 
provide a TTL input/TTL output system running off a single 
7.2V-40V supply (see Figure 16). 

6. Reference Input 

The voltage on the reference input of the LTC1095 defines 
the voltage span of the A/D converter. The reference input 
looks primarily like a 10k$2 resistor to ground but will have 
transient capacitive switching currents due to the 
switched capacitor conversion technique (see Figure 12). 


During each bit test of the conversion (every CLK cycle), a 
capacitive current spike will be generated on the reference 
pin by the A/D. These current spikes settle quickly and do 
not cause a problem. However, if slow settling circuitry is 
used to drive the reference input, care must be taken to en- 
sure that transients caused by these current spikes settle 
completely during each bit test of the conversion. 


REF,n 



Figure 12. Reference Input Equivalent Circuit 



HORIZONTAL: l^s/DIV 


Figure 13. Adequate Reference Settling 



HORIZONTAL: l^s/DIV 


Figure 14. Poor Reference Settling Can Cause A/D Errors 
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When driving the reference input, three things should be 

kept in mind: 

1. The source resistance (Rout) driving the reference input 
should be low (less than IQ) to prevent DC drops 
caused by the 1mA maximum reference current (Irefin)- 

2. Transients on the reference input caused by the capaci- 
tive switching currents must settle completely during 
each bit test (each CLK cycle). Figures 13 and 14 show 
examples of both adequate and poor settling. Using a 
slower CLK will allow more time for the reference to 
settle. However, even at the maximum CLK rate of 
500kHz most references and op amps can be made to 
settle within the 2 /js bit time. 

3. It is recommended that REFin be tied to REFout as 
shown in Figure 15. 



Figure 15. Suggested Circuit for REFin Tied to REFout 


7. Reduced Reference Operation 

The LTC1095 can operate with reference voltages below 
IV, by dividing down the 5V reference output voltage as 
shown in Figure 17. 

The effective resolution of the LTC1095 will be increased by 
reducing the input span of the converter. The LTC1095 ex- 
hibits good linearity and gain over a wide range of reference 
voltages (see typical curves of Linearity and Full Scale Error 
vs Reference Voltage). However, care must be taken when 
operating at low values of Vref in because of the reduced 
LSB step size and the resulting higher accuracy require- 
ment placed on the converter. The following factors must be 
considered when operating at low Vref in values. 

1. Offset 

2. Noise 

3. Conversion speed (CLK frequency) 

Offset with Reduced Reference Voltages 

The offset of the LTC1095 has a larger effect on the output 
code when the A/D is operated with reduced reference 
voltage. The offset (which is typically a fixed voltage) be- 
comes a larger fraction of an LSB as the size of the LSB is 
reduced. The typical curve of Unadjusted Offset Error vs 
Reference Voltage shows how offset in LSBs is related to 
reference voltage for a typical value of Vos- For example, a 



Figure 16. LTC1095 Single Supply Operation Figure 17. Operating LTC1095 on Reduced Reference Voltage 
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Vos of 0.5mV which is 0.1 LSB with a 5V reference be- 
comes 0.5LSB with a IV reference and 2.5LSBs with a 0.2V 
reference. If this offset is unacceptable, it can be cor- 
rected digitally by the receiving system or by offsetting 
the “ - ” input to the LTC1095. 

Noise with Reduced Reference Voltages 

The total input referred noise of the LTC1095 can be re- 
duced to approximately 200/iV peak-to-peak using a 
ground plane, good bypassing, good layout techniques 
and minimizing noise on the reference input. This noise is 
insignificant with a 5V reference but will become a 
larger fraction of an LSB as the size of the LSB is reduced. 
The typical curve of Noise Error vs Reference Voltage 
shows the LSB contribution of this 200/«V of noise. 

For operation with a 5V reference, the 20(fyV noise is only 
0.04LSB peak-to-peak. In this case, the LTC1095 noise will 
contribute virtually no uncertainty to the output code. 
However, for reduced references, the noise may cause 
undesirable jitter in the output code. For example, with a 


IV reference, this same 200 ^V noise is 0.2LSB peak-to- 
peak. This will reduce the range of input voltages, over 
which a stable output code can be achieved, by 0.2LSB. If 
the reference is further reduced to 200mV, the 200#tV noise 
becomes equal to one LSB and a stable code may be diffi- 
cult to achieve. In this case, averaging readings may be 
necessary. 

This noise data was taken in a very clean setup. Any setup 
induced noise (noise or ripple on: Vcc, REFin, Vin or V - ) 
will add to the internal noise. The lower the reference volt- 
age to be used, the more critical it becomes to have a 
clean, noise-free setup. 

Conversion Speed with Reduced Reference Voltages 

With reduced reference voltages, the LSB step size is re- 
duced and the LTC1095 internal comparator overdrive is 
reduced. Therefore, it may be necessary to reduce the 
maximum CLK frequency when low reference voltages are 
used. 


TYPICAL APPLICATIOAS 

Micropower, 500V Opto Isolated, Multichannel, 10-Bit Data Acquisition System 
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68HC05 Code Communicates with LTC1095 through 
Opto-lsolators 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 


ORG 

CLRX 

$100 

Clear X register 


LDA 

#$1F 

CHO 


STA 

$50 

CH0 address 


LDA 

#$9F 

CHI 


STA 

$51 

CHI address 


LDA 

#$3F 

CH2 


STA 

$52 

CH2 address 


LDA 

#$BF 

CH3 


STA 

$53 

CH3 address 


LDA 

#$5F 

CH4 


STA 

$54 

CH4 address 


LDA 

#$DF 

CH5 


STA 

$55 

CH5 address 


LDA 

#$53 

Data for SPCR 


STA 

$0A 

Load data into SPCR 


LDA 

#$FF 

Data for DDR 


STA 

$06 

Configure PORT C DDR 

START 

BCLR 

1,$02 

Cl (PWR OFF) goes low 


LDA 

#$FF 

Load counter 

T1 

DECA 

BNE 

T1 

Decrement Acc. 


LDA 

#$FF 

Load counter 

T2 

DECA 

BNE 

T2 

Decrement Acc. 


LDA 

#$FF 

Load counter 

T3 

DECA 

BNE 

T3 

Decrement Acc. 


LDA 

#$FF 

Load counter 


LABEL 

MNEMONIC 

OPERAND 

COMMENTS 

T4 

DECA 


Decrement Acc. 


BNE 

T4 


START1 

BCLR 

0,$02 

CO (CS) goes low 


LDA 

#$03 

D| N prefix start and SGL 


STA 

$0C 

Start transfer 

TEST2 

TST 

$0B 

Test if done 


BPL 

TEST2 

If not try again 


LDA 

$50, X 

Put Din word in Acc. 


STA 

$0C 

Start transfer 

TEST 

TST 

$0B 

Test if done 


BPL 

TEST 

If not try again 


LDA 

#0C 

Load MSBs in Acc. 


STA 

$60, X 

Store MSBs in $60 + X 

SKIP 

LDA 

#$FF 1 

Insure I’s output last 


STA 

$0C 

Start next transfer 

TEST1 

TST 

$0B 

Test if done 


BPL 

TEST1 

If nottry again 


BSET 

0,$02 

CO (CS) goes high 


LDA 

$0C 

Put LSBs in Acc. 


STA 

$70, X 

PutLSBs in $70 + x 

SKIP1 

INCX 


Increment X register 


CPX 

#$06 

Check if done 


BNE 

START1 



BSET 

1 ,$02 

Set Cl (PWR OFF) 


CLRX 


Reset counter 


JMP 


Start next loop 


PACKAGE DESCRIPTION! Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

18-Lead Ceramic DIP 


N Package 
18-Lead Plastic DIP 
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TECHNOLOGY High Speed 8-Bit A/D Converter 

with Built-In Sample-and-Hold 


KATURCS 

■ Built-In Sample-and-Hold 

■ No Missing Codes 

■ No User Trims Required 

■ All Timing Inputs Edge Sensitive for Easy Processor 
Interface 

■ Fast Conversion Time: 2.5/is 

■ Latched Three-State Outputs 

■ Single 5 V Operation 

■ No External Clock 

■ Overflow Output Allows Cascading 

■ Tc Input Allows User Adjustable Conversion Time 

■ 0.3" Wide 20-Pin DIP 


K€V SPCCIFICHTIOnS 


■ Resolution 8 Bits 

■ Conversion Time 2.5/tS (RD Mode) 

2.5/tS (WR-RD Mode) 

■ Slew Rate Limit (Internal S/H) 2.5V//is 

■ Low Power 75mW Max 

■ Total Unadjusted Error 

LTC1099 ±1 LSB 

LTC1099A ±1/2 LSB 


D€SCRIPTIOn 

The LTC1099 is a high speed microprocessor compatible 
8-bit analog-to-digital converter (A/D). An internal sample- 
and-hold (S/H) allows the A/D to convert inputs up to the full 
Nyquist limit. With a conversion rate of 2.5/is this allows 
156kHz 5Vp-p input signals, or slew rates as high as 2.5V//tS, 
to be digitized without the need for an external S/H. 

Two modes of operation, READ (RD) mode and WRITE- 
READ (WR-RD) mode, allow easy interface with proces- 
sors. All timing is internal and edge sensitive which 
eliminates the need for external pulse shaping circuits. 
The Stand-Alone (SA) mode is convenient for those ap- 
plications not involving a processor. 

Data outputs are latched with three-state control to allow 
easy interface to a processor data bus or I/O port. An over- 
flow output (OFL) is provided to allow cascading for higher 
resolution. 


Infinite Hold Time Sample-and-Hold (T acq = 240ns) 


5.000V 15V 



Signal to Noise Ratio (SNR) vs 
Input Frequency 









TIM 
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LTC1099 


absolute mnximum ratirgs package/order infORmATion 

(Notes 1 and 2) 

Supply Voltage (Vcc) to GND 12V 

Voltage 

Analog and Reference Inputs - 0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs -0.3V to Vcc + 0.3V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1 099C/1 099AC 0°Cto70°C 

LTC1099I/1099AI -40°Cto85°C 

LTC1099M/1099AM - 55°C to 125°C 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



CONVERTER CHARACTERISTICS (Note 3) 



! 

LTC1099AI/1099I 

LTC1 099 AM/1 099 M 

LTC1 099 AC/1 099C 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 


Accuracy 


Total Unadjusted Error 

LTC1099A 

LTC1099 

Note 4 

• 

• 

±1/2 

±1 

±1/2 

±1 

LSB 

LSB 

Minimum Resolution (No Missing Codes) 


• 

8 

8 

Bits 


Reference Input 


Input Resistance 


• 

1 3.2 

6 

2 3.2 

4.5 

k Q 

REF+ Input Voltage Range 

Note 5 

• 

REF- 

v cc 

REF- 

v cc 

V 

REF- Input Voltage Range 

Note 5 

• 

GND 

REF + 

GND 

REF + 

V 


Analog Input 


Input Voltage Range 


• 

GND V cc 

GND V cc 

V 

Input Leakage Current 

CS = V C c,V| N = Vcc,GND 

• 

±3 

±3 

ptA 

Input Capacitance 



60 

60 

PF 


Sample-and-Hold 


Acquisition Time 



240 

240 

ns 

AperatureTime 



110 

110 

ns 

Tracking Rate 



2.5 

2.5 

W/is 
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LTC1099 


DIGITAL AND DC €L€CTAICAl CHARACTERISTICS (Notes) 






LTC1 099AI/1 0991 



! 






LTC1099AM/1099M 

! LTC1 099AC/1 099C i 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

V| H 

High Level Input Voltage 

All Digital Inputs, V cc = 5.25V 

• 

2.0 

1 2.0 | 

V 

V|L 

Low Level Input Voltage 

All Digital Inputs, V cc = 4.75V 

• 

0.8 


0.0001 

0.8 

V 

*IH 

High Level Input Current 

Vin = 5V;C| I RD,Mode 

• 

0.0001 

1 



1 

/tA 



V, H = 5V; WR 

• 

0.0005 

3 


0.0005 

3 

/iA 

IlL 

Low Level Input Current 

V| L = 0V; All Digital Inputs 

• 

-0.0001 

“1 


-0.0001 

-1 

/tA 

V OH 

High Level Output Voltage 

DB0-DB7, OFL, TNT; V cc = 4.75V 
■out = 360ft A 

• 

2.4 4.0 

t 

2.4 

4.0 


V 



■out” 10/i A 


4.7 

i 


4.7 


V 

V OL 

Low Level Output Voltage 

DB0-DB7, OFL, INT, RDY; V cc = 4.75V 

louT = 1-6mA 

• 

0.4 

0.4 

V 

•oz 

High-Z Output Leakage 

DB0-DB7,RDY;V OUT = 5V 

• 

0.1 

3 


0.1 

3 

/tA 



DB0-DB7,RDY;V out = 0V 

• 

-0.1 

-3 


-0.1 

-3 

/tA 

■source 

Output Source Current 

DB0-DBr,OFL,iNT;V OU T=0V 

• 

-11 

-6 


-11 

-7 

mA 

■sink 

Output Sink Current 

DB0-DB7, OFL.Wn RDY; V 0UT =5V 

• 

14 

7 


14 

9 

mA 

■cc 

Supply Current 

CS=: WR = RD = V CC 

• 

11 

20 


11 

15 

mA 


AC CHARACTERISTICS (Note 3) 





LTC1099AI/1099I 

LTC1099AM/1099M 

LTC1099AC/1099C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

UNITS 


RD Mode (Figure 2) Pin 7 = GND 


tCRD 

Conversion Time 

T A = 25°C 

• 

2.3 2.5 2.8 

5.0 

2.3 2.5 2.8 

3.75 

MS 

MS 

tRDY 

Delay From CS1 to RDY 1 

C L = lOOpF 


70 

70 

ns 

Ucco 

Delay From RD! to Output Data Valid 

C L = lOOpF 


tcRD + 35 

*CRD + 35 

ns 

tlNTH 

Delay From RDI toTfiTt 

C L = lOOpF 


70 

70 

ns 


Delay From RDI to High-Z State on Outputs 

Test Circuit Figure 1 


70 

70 

ns 

tp 

Delay Time Between Conversions 



700 

700 

ns 

UCC2 

Delay Time From RDI to Output Data Valid 



70 

70 

ns 


WR-RD Mode (Figures 3 and 4) Pin 7 = V cc 


*CWR 

Conversion Time 

T a = 25°C 

• 

2.3 2.5 2.8 

5.0 

2.3 2.5 2.8 

3.75 

ms 

M s 

Ucco 

Delay Time From WRI to Output Data Valid 

C l = lOOpF 


tcwR + 40 

t C WR + 40 

ns 

UcC2 

Delay From RDI to Output Data Valid 

C L = lOOpF 


70 

70 

ns 

*INTH 

Delay From RDI tolNTt 

C L = lOOpF 


70 

70 

ns 

t|HWR 

Delay FromWRl tolNTt 

C L = lOOpF 


240 

240 

ns 

tlH.toH 

Delay From RDI to High-Z State on Outputs 

Test Circuit Figure 1 


70 

70 

ns 

tp 

Delay Time Between Conversions 



700 

700 

ns 

twR 

Minimum WR Pulse Width 



55 

55 

ns 


Note 1: Absolute maximum ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: All voltages are with respect to GND (Pin 10) unless otherwise 
noted. 


Note 3: V cc = 5V, REF + = 5 V, REF - = 0V and T A = T M)N to T MAX unless 
otherwise noted. All typical values at T A = 25°C. The • indicates specifica- 
tions which apply over the full operating temperature range. 

Note 4: Total unadjusted error includes offset, gain, linearity and hold step 
errors. 

Note 5: Reference input voltage range is guaranteed but is not tested. 
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LTC1099 


T€ST CIRCUITS 

tlH 

t r = 20ns } Cl= lOpF 



tOH 

t r = 20ns, Cl = lOpF 


Vcc v cc 


1 1 


T' 


DATA 

“OUT 



Figure 1. Three-State Test Circuit 


TimiRG DIRGRRmS 



Figure 2. RDMode(Pin7isGND) Figure 3A. WR-RDMode(Pin7i$HIGHandtRD>tcwR) 






LTC1099 


TimmG DiftGRfims 


A A A 



Figure 3B. WR-RD Mode (Pin 7 is HIGH and tRD < tcwR) 


CS (GND) 



Figure 4. WR-RD Mode (Pin 7 is HIGH) Stand-Alone Operation 


Plfl FUACTIONS 


PIN# NAME 

1 % 

2-5 DB0-DB3 

6 Wr/rdy 


7 MODE 


8 RD 


DESCRIPTION 

Analog input. 

Dataoutputs;DBO = LSB. 
WR/RDY is an input when Mode = 
Vcc- Falling edge of WR switches 
internal S/H_to_hold then starts 
conversion. WR/RDY is an open 
drain output (active pull down) 
when Mode = GND. RDY goes low 
at start of conversion and pull 
down is turned off when conver- 
sion is complete. Resistive pull 
up is usually used in this mode. 
WR-RD when Mode = Vcc- RD 
when Mode = GND. No internal 
pull down. 

A low on RD with CS low acti- 
vates three-state outputs. With 
Mode = GND and_CS low, the 
falling edge of RD switches in- 
ternal S/H to hold and starts 
conversion. 


PIN# 

9 


10 

11 

12 

13 


14-17 

18 

19 

20 


NAME 

DESCRIPTION 

INT 

Output that goes low when the 
conversion in process is com- 
plete and goes high after data is 
read. 

GND 

Ground connection. 

REF- 

Low reference potential (analog 
ground). 

REF + 

High reference potential; Vref= 
Full Scale = (REF +)- (REF -). 

CS 

Chip select — When high, data 
outputs are high impedance and 
all inputs are ignored. 

DB4-DB7 

Data outputs; DB7 = MSB. 

OFL 

Overflow output - Goes low 
when Vin>Vref- 

Tc 

User adjustable conversion time. 

Vcc 

Positive supply; 4.75V<Vcc^ 
5.25V. 


XTUD§i 
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TYPICAL PCRFORfllAACC CHARACTERISTICS 


Linearity Error vs Reference 

Supply Current vs Temperature Vos Error vs Reference Voltage Voltage 



-50 -25 0 25 50 75 100 125 0 1 2 3 4 5 0 1 2 3 4 5 

AMBIENT TEMPERATURE, T A (°C) REFERENCE VOLTAGE, V REF (V) REFERENCE VOLTAGE, V REF (V) 


Total Error vs Reference Voltage Conversion Time vs Rext 



0 1 2 3 4 5 10 100 1000 

REFERENCE VOLTAGE, V REF (V) RESISTANCE (kQ) 


Accuracy vs Conversion Time 



1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 
CONVERSION TIME {/&) 


Signal to Noise Ratio (SNR) vs 

Conversion Time vs Temperature Input Frequency 



-50 -25 0 25 50 75 100 125 1 10 100 


AMBIENT TEMPERATURE, T A (°C) INPUT FREQUENCY (kHz) 
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LTC1099 


FuncTionni Dcscmpnon 

Figure 5 shows the functional block diagram for the 
LTC1099 two step flash ADC. It consists of two 4-bit flash 
converters, a 4-bit DAC and a differencing circuit. The con- 
version process proceeds as follows: 

1) At the start of the conversion the on-board sample- 
and-hold switches from the sample to the hold mode. 
This is a true sample-and-hold with an acquisition 
time of 240ns, an aperture time of 110ns and a track- 
ing rate of 2.5V//ts. 

2) The held input voltage is converted by the 4-bit 
MS-Flash ADC. This generates the upper or most sig- 
nificant 4-bits of the 8-bit output. 

3) A 4-bit approximation, from the DAC output, is sub- 
tracted from the held input voltage. 

4) The LS-Flash ADC converts the difference between 
the held input voltage and the DAC approximation. 
This generates the lower or least significant 4-bits of 
the 8-bit output. The LS-Flash reference is one six- 
teenth of the MS-Flash reference. This effectively 
multiplies the difference by 16. 

5) Upon the completion of the LS 4-bit flash the eight 
output latches are updated simultaneously. At the 
same time the sample-and-hold is switched from the 
the hold mode to the acquire mode in preparation for 
the next conversion. 

The advantage of this approach is the reduction in the 
amount of hardware required. A full flash converter re- 
quires 255 comparators while this approach requires only 
31. The price paid for this reduction in hardware is an in- 
crease in conversion time. A full flash converter requires 
only one comparison cycle while this approach requires 
two comparison cycles, hence two step flash. 

This architecture is further simplified in the LTC1099 by 
reusing the MS-Flash hardware to do the LS-Flash. This re- 
duces the number of comparators from 31 to 16. This is 
possible because the MS and LS conversions are done at 
different times. 


To take the simple block diagram of Figure 5 and reconfig- 
ure it to reuse the MS-Flash to do the LS-Flash is con- 
ceptually simple, but from a hardware point of view is not 
practical. A new six input switched capacitor comparator 
is used to accomplish this function in a simple, although 
not straightforward, manner. 


Vref 



Figure 5. 8-Bit Two-Step Semiflash A/D 

Figure 6 shows the six input switched capacitor compara- 
tor. Intuitively the comparator is easy to understand by 
noting that the common connection between the two input 
capacitors, Cl and C2, acts like a virtual ground. In opera- 
tional amplifier circuits, current is summed at the virtual 
ground node. Input voltage is converted to current by the 
input resistors. In the switched capacitor comparator, in- 
put voltage is converted to charge by the input capacitors 
and these charges are summed at the virtual ground node. 


jj\sm 
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Funarionni Dcscmpnon 

A major advantage of this technique is that the switch-on 
impedance has no affect on accuracy as long as sufficient 
time exists to fully charge and discharge the capacitors. 

During the first time period the T + and Tz switches are 
closed. This forces the common node between Cl and C2 
to an arbitrary bias voltage. Since the capacitors subtract 
out this voltage it may be considered, for the sake of this 
discussion, to be exactly zero (i.e. virtual ground). Note 
also that variations in the bias voltage with time and tem- 
perature will also be rejected. In this state Cl charges to 
Vin. When Tz opens Vin is held on Cl. 


The next step is the first comparison — the MS-Flash. Tz 
and T + are opened and T_i is closed. The equation for 
each comparator is: 

Vin + 1/2LSB - MStap = ov 

There are 16 identical comparators each tied to the tap on 
a 16 resistor ladder. The MS tap voltages vary from Vref to 
OV in 16 equal steps of Vref/16. 

Notice that capacitor C2 adds 1/2LSB to Vin- This offsets 
the converter transfer function by 1/2LSB, equally dis- 
tributing the 1 LSB quantization error to ± 1/2LSB. 


T+ T_, T_2 



T+ 



/ 


T-1 


T —2 


STROBE 


/ V 

/ 


V 


Figure 6. Six input Switched Capacitor Comparator 
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Funcnonni Dcscmpnon 

The outputs of the 16 comparators are temporarily latched 
and drive the 4-bit DAC directly without need of decoding. 
This holds the DAC output constant for the next step — 
the LS conversion. The LS conversion is started when T_ i 
is opened and T _2 is closed. Capacitor Cl subtracts the 
4-bit DAC approximation from Vin and inputs the differ- 
ence charge to the virtual ground node. The equation for 
each comparator is: 

Vin + 1/2LSB - Vqac- LStap= OV 


The 4-bit DAC approximation is input to all 16 
comparators. The LS tap voltages are converted to charge 
by capacitor C2. LS taps vary from Vref/16V to OV in 16 
equal steps of Vref/256. The comparators look at the net 
charge on the virtual ground node to perform the LS-Flash 
conversion. When this conversion is complete the 4 LSB’s 
along with the 4 MSB’s are transferred to the output 
latches. In this way all eight outputs will change 
simultaneously. 


DIGITAL mT€RFAC€ 

The digital interface to the LTC1099 entails either control- 
ling the conversion timing or reading data. There are two 
basic modes for controlling and reading the A/D - the 
WRITE-READ (WR-RD) mode and the READ (RD) mode. 

WR-RD Mode (Pin 7= High) 

In the WR-RD mode a conversion sequence starts on the 
falling edge of WR with CS low (Figures 3A and 3B). This is 
an edge sensitive control function. The width of the WR in- 
put is not important. All timing functions are internal to 
the A/D. 

The first thing to happen after the falling edge of WR is the 
internal S/H is switched to hold. This typically takes 110ns 
after WR falls and is the aperture time of the S/H. 

Next the A/D conversion takes place. The conversion time 
is internally set at 2.5/ts, but is user adjustable (see Adjust- 
ing the Conversion Time). The end of conversion is 
signaled by the high to low transition of I NT. The S/H is 
switched back to the acquire state as soon as the conver- 
sion is complete. 

After the conversion is complete the 8-bit result is avail- 
able on the three-state outputs. The outputs are active 
with RD and CS low. Output data is latched and, if no new 
conversion is initiated, is available indefinitely as long as 
the power is not turned off. 


The WR-RD modej_s also used for stand-alone operation. 
By tying CS and RD low the data outputs will be continu- 
ously active (Figure 4). The falling edge of WR starts the 
conversion sequence and when done new data will appear 
on the outputs. All outputs will be updated simultane- 
ously. In stand-alone operation the outputs will never be in 
a high impedance state. 

RD Mode (Pin 7= Low) 

In the RD mode_aconversjon sequence is initiated by the 
falling edge of RD when CS is low (Figure 2). The S/H is 
switched to the hold state 110ns after the falling edge of 
RD. It is switched back to the acquire state at the end of 
conversion. 

When RD goes low, with CS low, the result of the previous 
conversion is output. This data stays there until the ongo- 
ing conversion is complete (INT goes low). At this time the 
outputs are updated with new data. 

As long as CS and RD stay low long enough, the receiving 
device will get the right data. Rememberthe receiving de- 
vice reads data in on the rising edge of RD. The RDY out- 
put facilitates making RD long enough. 

In the RD mode the_WR input becomes the RDY output. On 
the falling edge of RD the RDY goes low. It is an open drain 
output to allow a wired OR function so it requires a pull-up 
resistor. At the end of conversion the active pull-down is 
released and RDY goes high. 


XTUEE3B 
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DIGITAL IAT€RFAC€ 

The RDY output is designed to interface to the Ready In 
(RDYIN) function on many popular processors. RDYIN al- 
lows these processors to work with slow memory _by 
stretching the RD strobe coming from the processor. RD 
will remain low as long as RDY is low. In the case of the 
LTC1099, RDY stays low until the conversion is complete 
and new data is available on the outputs. This greatly sim- 
plifies the programmers task. Each time data is required 
from the A/D a simple read is executed. The hardware in- 
terface makes sure the RD strobe is long enough. 

Adjusting the Conversion Time 

The conversion time of the LTC1099 is internally set at 
2.5(is. If desired it can be adjusted by forcing a voltage on 


5V 



Figure 7. Adjusting the Conversion Time 


Pin 19. With Pin 19 left open the conversion time runs 
2.5fiS. A convenient way to force the voltage is with the cir- 
cuit shown in Figure 7. To preset the conversion time to a 
fixed amount a resistor may be tied from Pin 19 to Vcc or 
GND. Tying it to Vcc slows down the conversion and tying 
it to GND will speed it up (see Typical Curves). 


AAALOG IAT€RFRC€ 

The inclusion of a high quality sample-and-hold (S/H) sim- 
plifies the analog interface to the LTC1099. All of the error 
terms normally associated with an S/H (hold step, offset, 
gain, and droop errors) are included in the error specifica- 
tions for the AID. This makes it easy for the designer since 
all the error terms need not be taken into account 
individually. 

S/H Timing 

A falling edge on the RD or WR input switches the S/H 
from acquire to hold and starts the conversion. The aper- 
ture time is the delay from the falling edge to the actual in- 
stant when the S/H switches to hold. It is typically 110ns. 

As soon as a conversion is complete (2.5/jS typ.) the S/H 
switches back to the sample mode. Even though the ac- 
quisition time is only 240ns a new conversion cannot be 
started for 700ns (typ.) after a conversion is completed. 

Analog Input 

The input to the A/D looks like a 60pF capacitor in series 
with 5500 (Figure 8). 


v IN 6 WV - » TO A/D 

55012 | 

~ eopF 

Figure 8. Equivalent Input Circuit 

With this high input capacitance care must be taken when 
driving the inputs from a source amplifier. When the input 
switch closes an instantaneous capacitive load is applied 
to the amplifier output. This acts like an impulse into the 
amplifier and if it has poor phase margin the resulting ring- 
ing can cause a considerable loss of accuracy. If the am- 
plifier is too slow the resulting settling tail will also cause 
a loss of accuracy. The amplifier should also have low 
open circuit output impedance. The LT1006 is an excellent 
amplifier in this regard. It also works with a single supply 
which fits nicely with the LTC1099. 

Reference Inputs 

Sixteen equal valued resistors are internally connected be- 
tween REF + and REF - . Each resistor is nominally 200Q 
giving a total resistance of 3.2k0 between the reference 
terminals. When Vin equals REF + the output code will be 
all ones. When Vin equals REF- the output code will be 
all zeros. 
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Although it is most common to connect REF + to a 5V 
reference and REF - to ground, any voltages can be used. 
The only restrictions are REF +> REF- and REF+ and 
REF- must be within the supply rails. As the reference 
voltage is reduced the A/D will eventually lose accuracy. 
Accuracy is quite good for references down to IV. 

Even though the reference drives a resistive ladder a lot of 
capacitive switching is taking place internally. For this 
reason driving the reference has the same characteristics 
as driving Vin- A fast low impedance source is necessary. 
The reference has the additional problem of presenting a 
DC load to the driving source. This requires the DC as well 
as the AC source impedance to be low. 

Good Grounding 

As with any precise analog system care must be taken to 
follow good grounding practices when using the LTC1099. 
The most noise free environment is obtained by using a 
ground plane with GND (Pin 10) and REF - (Pin 1 1) tied to 
it. Bypass capacitors from REF + (Pin 12) and Vcc (Pin 20) 
with short leads are also required to prevent spurious 
switching noise from affecting the conversion accuracy. 


If a ground plane is not practical, single point grounding 
techniques should be used. Ground for the A/D should not 
be mixed in with other noisy grounds. 

APPLICATIONS 
Analog Multiplier 

The schematic Figure 9 shows the LTC1099 configured 
with a DAC to form a 2 quadrant analog multiplier. An in- 
put waveform is applied to the LTC1099 where it is 
digitized at a 300kHz rate. The digitized signal is fed to the 
DAC in “flow through” mode where another signal is input 
to the DAC reference input. In this way the two analog 
signals are multiplied to produce a Double Sideband Am- 
plitude Modulated Output. Figure 10 shows a 3kHz sine 
wave multiplied by a 100Hz triangle. 

Note that since this is only a 2 quadrant multiplier a carrier 
component (the input to the LTC1099) will appear in the 
output spectrum. Figure 11 shows the frequency spectrum 
of a 42.5kHz sine wave multiplied by a 5kHz sine wave. The 
depth of modulation is about 30dB. Figure 12 shows a 
42.375kHz sine wave multiplied by a 30.875kHz sine wave. 
Note that at these higher frequencies, the depth of 
modulation is still about 30dB. The carrier feed through is 
seen in Figure 12. 


(V| N1 )OVT0 5V 
ANALOG 


(V| N2 ) + 10VTO - 
ANALOG 



Figure 9. 
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V(N1 =0V TO 5V 
TRIANGLE INTO LTC1099 
-100Hz 


V|n 2 = ±4.8V SINE 
INTO DAC~3kHz 


Figure 10. 



Figure 11. Two Quadrant Multiplier Output Spectrum with OV to 
4.5V at 42.5kHz into LTC1099 and ± 2V at 5kHz into DAC 



Figure 12. Two Quadrant Multiplier Output Spectrum with OV to 
4.5V at 42.375kHz into LTC1099 and ± 2V at 30.875kHz into DAC 
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TYPICAL APPLICATION 


TMS320C25 Interface Using RD-Mode 


5V 



Cl =4.7#tF TANTALUM 
C2=0.1 m F CERAMIC 


TMS320C25 Assembly Code for RD-Mode Interface to LTC1099 


0001 

0000 






0002 

0032 



AORG 

>32 


0003 

CM 

§ 

CE01 


DINT 


Disable Interrupts 

0004 

CO 

§ 

C800 


LDPK 

>00 

Data Page Pointer is 0 

0005 

0034 

8064 

LOOP 

IN 

100, PA0 

Input 1099 Data to Address 100 

0006 

0035 

CB13 


RPTK 

12 

Repeat Next Instruction 
12Times 

o 

s 

0036 

5500 


NOP 


Don’t Convert Again Too Soon 

00081 

0037 

FF80 


B 

LOOP 

Go for Another Conversion 
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TYPICAL APPLICATION 


TMS320C25 Interface Using WR-RD Mode 



TMS320C25 Assembly Code for WR-RD-Mode Interface to 
LTC1099 
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LTC1099 


PACKAGC D€SCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

20-Lead Ceramic DIP 



0160 



N Package 
20-Lead Plastic DIP 


1 040 



(26 416) 

MAX 

fi^mnFimrrrinFimnTinrirTn 

t 

0 250 ±0.010 
(6 350 ±0 254) 

L_ 

) 


I 1 I I 2 1 1 3 I I 4 1 I 5 I I 6 II 7 I I 8 I I 9 I lioT 
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LF198A/LF398A 
LF198/LF398 

Precision Sample and Hold 

Amplifier 


F€RTUR€S 

■ Guaranteed 6/iS Max. Acquisition Time 

■ Guaranteed 0.005% Max. Gain Error 

■ Guaranteed ImV Max. Offset Voltage 

■ Guaranteed ImV Max. Hold Step 

■ Very Low Feedthrough 86dB Min. 

■ High Input Impedance under All Conditions 

■ Logic Inputs Compatible with All Logic Families 


rprucrtiors 

■ 12-Bit Data Acquisition Systems 

■ Ramp Generators 

■ Analog Switches 

■ Staircase Generators 

■ Sample and Difference Circuits 


D€SCMPTIOn 

The LF 1 98 is a precision sample and hold amplifier which 
uses a combination of bipolar and junction FET transis- 
tors to provide precision, high speed, and long hold 
times. A typical offset voltage of ImV and gain error of 
0.002% allow this sample and hold amplifier to be used in 
12-bit systems. Dynamic performance can be optimized 
by proper selection of the external hold capacitor. Acqui- 
sition times can be as low as 4/*s for small capacitors 
while hold step and droop errors can be held below 
O.lmV and 30/tV/sec respectively when using larger 
capacitors. 

The LF198 is fixed at unity gain with 10 10 Q input im- 
pedance independent of sample /hold mode. The logic in- 
puts are high impedance differential to allow easy inter- 
facing to any logic family without ground loop problems. 
A separate offset adjust pin can be used to zero the offset 
voltage in either the sample or hold mode. Additionally, 
the hold capacitor can be driven with an external signal to 
provide precision level shifting or “differencing” opera- 
tion. The device will operate over a wide supply voltage 
range from ± 5V to ± 18V with very little change in per- 
formance, and key parameters are specified over this full 
supply range. 

The LF198A version offers tightened electrical specifica- 
tions for key parameters. 


Basic Sample and Hold 


V + 




0.001 0.01 1.0 
HOLD CAPACITOR (yxF) 


/TUKAE 
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absolute mnximum ratiags 


PACKAG€/ORD€R lAFORfllATlOA 


Input Voltage Equal to Supply Voltage 

Logic to Logic Reference Differential 

Voltage (Note 2) + 30V, -30V 

Output Short Circuit Duration I ndef inite 

Hold Capacitor Short Circuit Duration 10 sec 

Lead Temperature (Soldering , 1 0 seconds) 300 °C 

Supply Voltage ±18V 

Power Dissipation (Package Limitation) 

(Note 1) 500mW 

Operating Temperature Range 

LF198/LF198A -55°Cto125°C 

LF398/LF398A 0°Cto70°C 

Storage Temperature Range -65°Cto150°C 



€l€CTRICAL CHARACTERISTICS (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

LF198A 

TYP 

MAX 

MIN 

LF398A 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 6) 




0.5 

1 


1 

2 

mV 



• 



2 



3 

mV 

Input Bias Current (Note 6) 




5 

25 


10 

25 

nA 



• 



75 



50 

nA 

Input Impedance 



10 10 

10 10 

0 

Gain Error 

R L = 10k 



0.001 

0.005 


0.001 

0.005 

% 



• 



0.01 



0.01 

% 

Feedthrough Attenuation Ratio 

Ch=0.01/tF 


86 

96 


86 

96 


dB 

at 1kHz 










Output Impedance 

“HOLD” Mode 



0.5 

1 


0.5 

1 

Q 



• 



4 



6 

0 

“HOLD" Step (Note 4) 

C h = 0.0VF,V O uT=0 



0.25 

1 


0.25 

1 

mV 

Supply Current (Note 6) 

T|fe25°C 



4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 




2 

10 


2 

10 

mA 

Current 










Leakage Current into Hold 

“HOLD” Mode (Note 5) 



10 

100 


10 

100 

pA 

Capacitor (Note 6) 










Acquisition Time to 0.1% 

AV OU t = 10V, C h = 1000pF 



4 

6 


4 

6 

IJS 


Ch=0.01(iF 



16 

25 


16 

25 

MS 

Hold Capacitor Charging Current 

V IN -V 0 ut=2V 


i 5 

j 5 

mA 

Supply Voltage Rejection Ratio 

V OU T = 0 


90 

110 


90 

110 


dB 

Differential Logic Threshold 



0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 







LF198A/LF398A 

LF198/LF398 


ELECTRICAL CHARACTERISTICS (Notes) 






LF198 



LF398 



PARAMETER 

CONDITIONS 



MAX 

MIN 

MAX 

UNITS 



MIN 

TYP 

TYP 

Input Offset Voltage (Note 6) 




1 

3 


2 

7 

mV 



• 



5 



10 

mV 

Input Bias Current (Note 6) 




5 

25 


10 

50 

nA 



• 



75 



100 

nA 

Input Impedance 



io 10 

IO 10 


Gain Error 

R L = 10k 



0.002 

0.005 


0.004 

0.01 

% 



• 



0.02 



0.02 

% 

Feedthrough Attenuation Ratio 
at 1kHz 

C h = 0.01/iF 


86 

96 


80 

96 


dB 

Output Impedance 

“HOLD” Mode 



0.5 

2 


0.5 

4 




• 



4 



6 


“HOLD” Step (Note 4) 

Ch = 0.0VF, Vout=0 



0.5 

2.0 


0.5 

2.5 

mV 

Supply Current (Note 6) 

Tj>25°C 



4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 
Current 




2 

10 


2 

10 

**A 

Leakage Current into Hold 

Capacitor (Note 6) 

“HOLD” Mode (Note 5) 



30 

100 


30 

200 

PA 

Acquisition Time to 0.1% 

AV OU t = 10V, C h = lOOOpF 



4 



4 


A s 


Ch = 0.01/iF 



16 



16 


AS 

Hold Capacitor Charging Current 

j V, N -V out = 2V 


L _ _ _ 5 _ . I 

L . 5 __ J 

mA 

Supply Voltage Rejection Ratio 

VouT = 0 


80 

110 


80 

110 


dB 

Differential Logic Threshold 



0.8 

1.4 

2.4 j 

0.8 

1.4 

2.4 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Tj max for the LF198/LF198A is 150°C; Tj max for the 
LF398/LF398A is 100°C. 

Note 2: The logic inputs are protected to ±30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera- 
tion, however, both logic and logic reference pins must be at least 2V below 
the positive supply and one of these pins must be at least 3V above the 
negative supply. 

Note 3: Unless otherwise noted, V s =± 15V, Tj = 25 °C, -11.5V<V )N < 
+ 11. 5V, Ch=0.01/iF, R L = 10kQand unit is in “sample” mode. Logic ref- 
erence =0V and logic voltage = 2.5V. 


Note 4: The hold step is sensitive to stray capacitance coupling between in- 
put logic signals and the hold capacitor. IpF, for instance, will create an ad- 
ditional 0.5mV step with a 5V logic swing and a 0.01 /iF hold capacitor. 
Magnitude of the hold step is inversely proportional to hold capacitor value. 
Note 5: Leakage current is measured at a junction temperature of 25°C. 
The effects of junction temperature rise due to power dissipation or elevated 
ambient can be calculated by doubling the 25°C value for each 11 °C in- 
crease in chip temperature. Leakage is guaranteed over full input signal 
range. 

Note 6: These parameters are guaranteed over a supply voltage range of 
±5V to ± 18V. 
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LF198A/LF398A 

LF198/LF398 


typical pcRFonmnncc charactcristics 


Output Short Circuit Current 


Output Noise 


Gain Error 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Phase and Gain (Input to 
Output, Small Signal) 


Feedthrough Rejection Ratio 


Power Supply Rejection 



Capacitor Dielectric Absorption 


Capacitor Dielectric Absorption 




Vs 10/as 100/iS 1ms 10ms l^is lO^s 100/*s 1ms 10ms 

SAMPLE TIME TIME IN HOLD MODE 


uw 
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TYPICAL P€RFORmnnC€ CHRRRCTCRISTICS 


Output Transient at Start of Hold 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

TIME 0*s) 


Output Transient at Start of 
Sample Period 








POSITIVE INF 
C|,=1000pF 

UT SLEW (0 

R SAMPLE R 

ATE < 5kHz) 

\ 

✓ 






NEGATIVE IN 
SATE > 5kHz 

1 1 
JT SLEW (OR 

»UT SLEW (( 
C h =1000p 

i 1 

i SAMPLE RA 

R SAMPLE 

, 

TE<5kHz) - 

A i 

OSITIVE INPI 
: h >o.ovF 

Vi 






"^\negati 

RATE> 

VE INPUT SL 
5kHz) C h ;>( 

EW (OR SAM 
J.OI/xF 

IPLE 


0 1 2 3 4 5 

TIME (»s) 


APPucRTions inFORmnnon 

Hold Capacitor 

For fast sample and hold applications, the size of the hold 
capacitor is critical. A low value will give fast acquisition, 
but will also increase errors due to hold step, and droop 
caused by amplifier bias current. The capacitor should be 
made as large as possible, consistent with acquisition 
time and dynamic sampling error requirements. Capaci- 
tors larger than 0. tyF have an additional problem. They 
are generally not available in the low loss dielectrics like 
Teflon, Polystyrene, and NPO, at least not at a reasonable 
price and size. Mylar, even with its poor dielectric 
absorption properties, may be a reasonable choice where 
very long sample times are used and low droop rates are 
needed. 

Dielectric absorption in the hold capacitor can often be the 
major source of error in a sample and hold . The equivalent 
“circuit” of a typical capacitor is shown below with 
parallel RC networks used to model dielectric absorption. 


Typical Hold Capacitor 
Equivalent Circuit 



C a , C b »0.01 TO 0.1 Ch 

R„ R b GENERATE TIME CONSTANTS 

OF 0.1-50 MILLISECONDS WITH C„, C b 


One can see that rapid changes in capacitor voltage will 
not be tracked by the internal parasitic capacitors 
because of the resistance in series with them. This leads 
to a “sag” effect in the hold capacitor after a sudden 
change in voltage followed by rapid switch to the hold 
mode . The capacitor remembers its previous state via the 
charge on the internal parasitic capacitance and sags 
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flPPUCATIOnS mFORflMTIOn 

back slightly toward the previous voltage. The magnitude 
of the sag depends on the voltage change and the time 
spent sampling the new voltage. Several time constants 
are typically evident in the sag, although some capacitors 
tend to exhibit a single time constant, while others show a 
sag that indicates a blending of many time constants. The 
curves labeled CAPACITOR DIELECTRIC ABSORPTION 
show the amount of sag found after a 1 0V step with sam- 
ple time at the new voltage and hold time at the new 
voltage as variables. It is obvious that sag problems are 
minimized by long sample times and short hold times. 
This is often in conflict with basic sampling requirements, 
but one point should be made: if at all possible, keep the 
sample and hold amplifier in the “tracking”, or sam- 
pling , mode as much as possible to maximize the time the 
hold capacitor spends near the voltage at which it will 
eventually “hold”. 

The best capacitor for sample and hold applications is 
Teflon. It is clearly superior with regard to dielectric ab- 
sorption and operates over the full -55°C to 125°C 
temperature range. If size or price becomes a problem, 
the second choice for full temperature range operation is 
“NPO”, or “COG” ceramic units. Some care must be 
used here— not all NPO capacitors use the low dielectric 
constant ceramic necessary for low dielectric absorption . 
For lower temperatures ( < 70°C), Polystyrene has tradi- 
tionally been the best hold capacitor. The best units are 
cylindrical and fairly large— there seems to be a strong 
correlation between small size and poorer dielectric per- 
formance. Polypropylene has nearly the same absorption 
properties as polystyrene and offers 85°C operation. It 
also tends to be smaller. Again, stay with cylindrically 
wrapped units. Other standard dielectrics such as mica, 
glass, mylar, and ordinary ceramic are much worse with 
regard to dielectric absorption. Mylar is sometimes used 
for large values when the ratio of sample to hold time is 
large and extremely low droop is required. 

Dynamic Sampling Error 

A significant sampling error can occur in any sample and 
hold if the input is moving when the unit is put into the hold 
mode . The two major causes for this error are digital delay in 
switch opening and analog delay across the hold capacitor. 


The switch opening delay is obvious and leads to a “ held ’ ’ 
output error of (dv/dt) x (Td), where dv/dt is the slew rate 
of the input signal and Td is switch delay. In the case of the 
LF198, Td is approximately 150ns, giving a 4.5mV error 
when sampling the zero crossing of a 5V (peak) sine wave 
at 1kHz (dv/dt=A*27rf=5*27r*10 3 ). The analog delay is 
the difference between input signal and capacitor voltage. It 
is determined by the RC product of the hold capacitor and 
the effective series resistance, which in the case of the 
LF1 98 is about 1 50fl. This analog delay with a 0.01/tF hold 
capacitor is R«C = 150 x 10 — 8 =1 .5#*s, or about ten times 
the delay of the switch. The sign of the analog delay is 
negative— the held output is related in time to the input 
voltage before the hold command was given. The overall 
dynamic sampling error is the sum of the digital and analog 
errors. The curve labeled Dynamic Sampling Error will be 
helpful in estimating these errors as a function of input slew 
rate and hold capacitor size. 

Dynamic sampling error can be reduced by a factor of ten 
or more by inserting a delay in the logic input so that the 
“hold” command is delayed by an amount equal to the 
RC time constant of the LF198 and external hold capaci- 
tor. Fora 0.0 1/*F hold capacitor and the 150Q resistor in- 
ternal to the LF198, this is 1.5/*s. A simple RC network 
can be used in front of the logic input for delays up to 
* 1*ts. Longer delays require the addition of a logic gate 
to speed up the rise time of the delayed signal. See LOGIC 
RISE TIME in this section for further details. 


Hold Step 

Hold step is the small voltage step (after settling) seen at 
the output of a sample and hold amplifier when it is 
switched from the sample mode to the hold mode with a 
steady DC input. Hold step is typically the result of, or can 
be modeled as, a fixed quantity of charge transferred to 
the hold capacitor as a result of the internal switching that 
occurs during the hold command. In the case of the 
LF198, that charge is about 5 picocoulombs, giving a 
hold step of 0.5mV for a 0.0 VF hold capacitor and 5mV 
for a lOOOpF hold capacitor. (V=Q/C.) Hold step is 
reasonably independent of logic amplitude if care is taken 
to minimize the stray capacitance between the logic input 
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and the hold capacitor. With thoughtful layout, including 
the guarding technique shown below, stray capacitance 
should be under 0.3pF, limiting charge variations to less 
than 0.3 picocoulombs per volt. 


Guarding Technique 



Use 10-pin layout. Guard around C h is tied to output. 


Hold step varies slightly with analog input voltage (see 
curves). Atypical unit will change at 0.4 picocoulombs per 
volt. This manifests itself as a gain error when the amplifier 
is switched to the hold mode. With a 0.01/tF capacitor, the 
resulting gain error will be (0.4 PC/V)/0.0VF =0.004%. 
This gain error is in the opposite direction of DC (sample 
mode) gain error. At high values of hold capacitor, DC gain 
error will dominate and gain will be slightly below unity 
(0.002%). For low value capacitors (< 0.0 VF), hold step 
induced gain error will dominate and hold mode gain will 
be slightly above unity. Zeroing out hold step does not 
change the variation of hold step with regard to input 
voltage. 


Offset Zeroing 

A sample and hold amplifier has two distinct offset volt- 
ages . The first is just the DC offset of the amplifier while in 
the sample or "tracking” mode. It is identical to the input 
offset of any operational amplifier. The second offset 
voltage is the sum of the DC offset plus a dynamic term 
called hold step. Hold step is a change in output voltage 
when the amplifier is switched from sample mode to hold 
mode, with the input held steady. This second offset is 
often called hold mode offset. It can be less than or much 
greater than the DC offset, depending on the magnitude 
and sign of hold step. 

A fairly accurate model for hold step is a fixed charge 
injected into the hold capacitor by the switch turn-off cir- 
cuitry. The magnitude of the charge is reasonably inde- 
pendent of logic input amplitude. The resulting change in 
hold capacitor voltage isQ/Ch. The charge, Q, is typically 
5 picocoulombs, giving a 0.5mV hold step with a 0.0 VF 
hold capacitor. Since most sample and hold amplifiers are 
“used,” i.e., have their outputs read by an A to D con- 
verter, etc., during the hold mode, hold mode offset is 
arguably much more important than sample mode DC 
offset. 

DC offset adjustment is accomplished with a Ik low TC 
cermet potentiometer tied to V + with 0.6mA flowing 
through it and the wiper tied to pin 2. This allows pin 2 to 
be moved ±300mV around its nominal voltage (0.3V 
below V + ). Offset adjustment range is ±9mV, and the 
adjustment procedure nominally improves offset drift 
when the DC offset is reduced to zero. This offset 
method can be used to zero out hold mode offset, but at 
the expense of some induced offset drift. Each millivolt of 
hold step offset that is corrected by this method intro- 
duces 3.3ftV/°C drift. For 0.002 /m.F or larger hold 
capacitors where hold step is a few millivolts or less, this 
is a practical solution to hold mode offset. In precision 
wide temperature range applications, or where Ch is less 
than 0.002/xF, a separate hold mode zeroing method 
should be used. The circuit shown in the application sec- 
tion using a logic inverter and a 5pF capacitor is recom- 
mended (DC AND AC ZEROING). 
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Logic Fall Time 

Hold step is independent of logic input fall time only for 
fall times faster than 10V//ts. For instance, as logic fall 
time changes from 10V/ ^s to 1 V///S, hold step with a 
0.01/tF hold capacitor will typically increase from 0.25mV 
to 1 .OmV. See the curve labeled HOLD STEP vs LOGIC 
SLEW RATE for further data points. If logic slew rate is not 
constant, use the value at the threshold point (1 .5 V with 
respect to logic reference). An RC network will have a 
discharge slew rate of V|_/RC, where Vl is the logic 
threshold of the LF198. The delay generated by the net- 
work will be RC*ln(V + /Vl), where V + is logic ampli- 
tude. For a 1/ts delay, with 5 V logic, an RC time constant 
of O.fyiS is needed. This has a slew rate of 2V//ts at 
threshold, which will slightly degrade hold step. It is ob- 
vious that an RC delay network significantly longer then 


1/ts will have a large effect on hold step. If longer delays 
are required, they should be followed by several inverter 
stages or a Schmitt trigger to increase slew rate. 

Adding Delay to Logic Input 

v+ 



LOGIC IflPUT COfiFIGURATIOflS* 


TTL and CMOS 
3 V<V l (Hi State) < 10V 


CMOS 

7V<V L (Hi State) < 15V 


Op Amp Drive 


v+ 




v+ 



THRESHOLD = 1.4V 
‘SELECT FOR 2.8V AT PIN 8 


V + 



*The logic input signal high state must be at least 2V below the positive supply voltage of the LF198. 
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TYPICAL APPLICATION 


Output Holds at Average of 

Sampled Input Fast Acquisition, Low Droop Sample and Hold 



DC and AC Zeroing 2-Channel Switch 






LF198A/LF398A 
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TYPICAL flPPUCOTIOnS 


Staircase Generator 



Capacitor Hysteresis Compensation Differential Hold 


v+ 



** ADJUST FOR AMPLITUDE 
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Motor Speed Controller Needs No Tachometer* 



DCFIMTIOn OF TCRfllS 

Hold Step: The voltage step at the output of the amplifier 
when switching from sample mode to hold mode with a 
constant analog input voltage and a logic swing of 5V. 

Acquisition Tims: The time required to acquire, within a 
defined error, a new analog input voltage with an output 
change of 10V. Acquisition time includes output settling 
time and includes the time required for all internal nodes 
to settle so that the output is at the proper value when 
switched to the hold mode. 

Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 


Hold Settling Time: The time required for the output to 
settle within ImV of final value after a hold command is 
initiated. 

Dynamic Sampling Error: The error introduced into the 
held output voltage due to a changing analog input at the 
time the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Aperture Time: The delay required between "Hold’’ 
command and an input analog transition , so that the tran- 
sition does not affect the held output. 
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PACKAGC 


DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


H Package 
Metal Can 


J8 Package 
8 Lead Hermetic DIP 



STANDOFF 



T ( max 

0ja 

% 

LF198/LF198A 

150°C 

150°C/W 

45°C/W 

LF398 / LF398A 

100°C 

150°C/W 

45°C/W 




‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 



Tjmax 

*ia 

LF398 

100°C 

100°C/W 


N8 Package 
8 Lead Plastic 




‘LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 



Tjmax 

0ja 

LF398/LF398A 

100°C 

130°C/W 
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TECHNOLOGY Precision Sample and Hold 

Amplifier 


F€ATUR€S 

■ 4fts Typical Acquisition Time 

■ Guaranteed 0.01% Max. Gain Error 

■ 2mVTyp. Offset Voltage 

■ 2.5mV Max. Hold Step 

■ Very Low Feedthrough 80dB Min. 

■ High Input Impedance Under All Conditions 

■ Logic Inputs Compatible with All Logic Families 


APPUCATIOnS 

■ 12-Bit Data Acquisition Systems 

■ Ramp Generators 

■ Analog Switches 

■ Staircase Generators 

■ Sample and Difference Circuits 


DCSCftIPTIOn 

The LF398 is a precision sample and hold amplifier which 
uses a combination of bipolar and junction FET transis- 
tors to provide precision, high speed, and long hold times. 
A typical offset voltage of 2mV and gain error of 0.004% al- 
low this sample and hold amplifier to be used in 12-bit sys- 
tems. Dynamic performance can be optimized by proper 
selection of the external hold capacitor. Acquisition times 
can be as low as 4/ts for small capacitors while hold step 
and droop errors can be held below 0.1 mV and 30/iV/sec re- 
spectively when using larger capacitors. 

The LF398 is fixed at unity gain with 10 10 !i input 
impedance independent of sample/hold mode. The logic 
inputs are high impedence differential to allow easy in- 
terfacing to any logic family without ground loop prob- 
lems. A separate offset adjust pin can be used to zero the 
offset voltage in either the sample or hold mode. Addi- 
tionally, the hold capacitor can be driven with an external 
signal to provide precision level shifting or “differencing” 
operation. The device will operate over a wide supply volt- 
age range from ±5 V to ±18V with very little change in 
performance, and key parameters are specified over this 
full supply range. 


Basic Sample and Hold 


V + 




0.001 0.01 1.0 
HOLD CAPACITOR ( M F) 
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absolute mnximum ratiogs package/order iaforaiatioa 

Input Voltage Equal to Supply Voltage 

Logic to Logic Reference Differential 

Voltage (Note 2) + 30V, -30V 

Output Short Circuit Duration Indefinite 

Hold Capacitor Short Circuit Duration 10 sec 

Lead Temperature (Soldering, 10 seconds) 300°C 

Supply Voltage ± 18V 

Power Dissipation (Package Limitation) 

(Note 1) 500mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 



7] LOGIC 
LOGIC 

REFERENCE 

3c„ 

7] OUTPUT 


ORDER 

PART NUMBER 


LF398S8 


PART MARKING 


398 


6L6CTRICAL CHARACTERISTICS (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

LF398 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 6) 




2 

7 

mV 



• 



10 

mV 

Input Bias Current (Note 6) 




10 

50 

nA 



• 



100 

nA 

Input Impedance 



10™ 1 

Q 

Gain Error 

R L = 10k 



0.004 

0.01 

% 



• 



0.02 

% 

Feedthrough Attenuation Ratio at 1kHz 

C h = 0.0fyF 


80 

96 


dB 

Output Impedance 

“HOLD” Mode 



0.5 

4 




• 



6 

fi 

“HOLD” Step (Note 4) 

Ch = 0.0tyF, Vqut = 0 



0.5 

2.5 

mV 

Supply Current (Note 6) 

Ti>25°C 



4.5 

6.5 

mA 

Logic and Logic Reference Input Current 




2 

10 

A 

Leakage Current Into Hold Capacitor (Note 6) 

“HOLD” Mode (Note 5) 



30 

200 

pA 

Acquisition Time to 0.1% 

AV out = 1 0 V, Ch = 1 0OOp F 



4 




C h = 0.0tyF 



16 


liS 

Hold Capacitor Charging Current 

V|n-V 0U t = 2V 


! 5 | 

mA 

Supply Voltage Rejection Ratio 

V O UT = 0 


80 

110 


dB 

Differential Logic Threshold 



0.8 

1.4 

2.4 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Tj max for the LF398S8 is 100°C. 

Note 2: The logic inputs are protected to ± 30V differential as long as the 
voltage on both pins does not exceed the supply voltage. For proper opera- 
tion, however, both logic and logic reference pins must be at least 2V below 
the positive supply and one of these pins must be at least 3 V above the 
negative supply. 

Note 3: Unless otherwise noted, V s = ± 15V, Tj = 25°C, 

- 1 1 .5V < V| N < = + 1 1 .5V, C h = O.OfyF, R l = lOkfl and unit is in “sample” 
mode. Logic reference = 0V and logic voltage = 2.5V. 


Note 4: The hold step is sensitive to stray capacitance coupling between 
input logic signals and the hold capacitor. IpF, for instance, will create an 
additional 0.5mV step with a 5 V logic swing and a 0.01/tF hold capacitor. 
Magnitude of the hold step is inversely proportional to hold capacitor value. 
Note 5: Leakage current is measured at a junction temperature of 25°C. 
The effects of junction temperature rise due to power dissipation or elevat- 
ed ambient can be calculated by doubling the 25°C value for each 1 1 °C in- 
crease in chip temperature. Leakage is guaranteed overfull input signal 
range. 

Note 6: These parameters are guaranteed over a supply voltage range of 
±5Vto ±18V. 
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TECHNOLOGY 


INDEX 


SECTION 10— RS232/INTERFACE 

INDEX 10-2 

SELECTION GUIDE 10-3 

PROPRIETARY PRODUCTS 

LT1015, High Speed Dual Line Receiver 13-6 

L T1030, Quad Low Power Line Driver 10-5 

LT1030CS, Quad Low Power Line Driver 10-9 

L T 1 032, Quad Low Power Line Driver 10-11 

L T 1039, RS232 Driver /Receiver with Shutdown 10-19 

L TC 1 045, Programmable Micropower Hex Translator/Receiver/Driver 10-27 

L T 1080, Advanced Low Power 5 V RS232 Dual Driver /Receiver 10-43 

LT1081, Advanced Low Power 5V RS232 Dual Driver /Receiver 10-43 

LT1080CS/LT1081CS, 5V Powered RS232 Driver/Receiver with Shutdown 10-51 

L T 1 130, 5-Driver /5-Receiver RS232 Transceiver 1 0-55 

LT1131, 5-Driver / 4-Receiver RS232 Transceiver with Shutdown 10-55 

LT1132, 5-Driver /3-Receiver RS232 Transceiver 10-55 

LT1133, 3-Driver /5-Receiver RS232 Transceiver 10-55 

LT1134, 4- Driver /4-Receiver RS232 Transceiver 1 0-55 

LT1135, 5-Driver /3-Receiver RS232 Transceiver without Charge Pump 10-55 

LT1136, 4-Driver /5-Receiver RS232 Transceiver with Shutdown 10-55 

LT1137, 3-Driver /5-Receiver RS232 Transceiver with Shutdown 10-55 

LT1138, 5-Driver/3-Receiver RS232 Transceiver with Shutdown 1 0-55 

L T 1 139, 4-Driver /4-Receiver RS232 Transceiver with Shutdown 10-55 

L T 1 140, 5-Driver /3-Receiver RS232 Transceiver without Charge Pump 10-55 

LT1141, 3-Driver /5-Receiver RS232 Transceiver without Charge Pump 10-55 

LT1180, Advanced Low Power 5VRS232 Dual Driver /Receiver with Small Capacitors 10-67 

LT1181, Advanced Low Power 5VRS232 Dual Driver/Receiver with Small Capacitors 1 0-67 

L T1280, Advanced Low Power 517 RS232 Dual Driver/Receiver 10-75 

LT1281, Advanced Low Power 5VRS232 Dual Driver /Receiver 10-75 
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INTERFACE PRODUCTS SELECTION GUIDE 


flllUTRRV, COmmCRCIRL RRD MDUSTRIRl 


PART NUMBER 

DESCRIPTION 

NUMBER OF 
DRIVERS 

NUMBER OF 
RECEIVERS 

MAXIMUM 
SUPPLY CURRENT 

SHUTDOWN 

FEATURE 

PACKAGES 

AVAILABLE 

IMPORTANT FEATURES 

LT1030C 

Quad Micropower RS232 Line Driver 

4 

0 

1mA 

X 

J, N, S 

Quad RS232 Driver, Can be Strobed 

Off for Zero Supply Current. Supply 
Range from ±5Vto ±15V. 

LT1032C, l,M 

Quad Micropower RS232 Line Driver 

4 

0 

1mA 

X 

J, N 

Quad RS232 Driver. Can be Strobed 

Off for Zero Supply Current. Supply 
Range from ±5Vto ±15V. 

LT1039C, 1, M 

Triple RS232 Driver/Receiver with 
Shutdown 

3 

3 

15mA 

X 

J, N 

Triple RS232 Driver/Receiver Includes 
Shutdown Feature. Bias Pin Allows 

One Receiver to Remain Active while 
the Rest of the Device is Shut Down. 
Rugged Bipolar Design. 

LT1039C-16 

Triple RS232 Driver/Receiver 

3 

3 

15mA 


J16, N16 

16 Pin Version of LT1039 without 
Shutdown Feature. Pin-For-Pin 
Compatible with MC145406, Rugged 
Bipolar Design Less Subject to ESD 
Damage and Latchup. 

LT1080C, l,M 

+ 5V Powered RS232 Driver/Receiver 
with Shutdown 

2 

2 

22mA 

X 

J,N,S 

Dual RS232 Driver/Receiver with Built 

In + 5V to ±9V Power Converter. 
Shutdown Feature Allows Device to 
be Turned Off When Not Used, Saving 
Power. 

LT1180C, 1, M 

+5V Powered RS232 Driver/Receiver 
with Shutdown 

2 

2 

22mA 

X 

J, N, S 

Dual RS232 Driver/Receiver with Built 

In + 5V to ± 9V Power Converter. 
Shutdown Feature Allows Device to 
be Turned Off When Not Used, Saving 
Power. Uses smaller O.fyF 
capacitors. 

LT1081C, 1, M 

+ 5V Powered RS232 Driver/Receiver 

2 

2 

22mA 


J, N,S 

16 Pin Version of LT1080 without 
Shutdown Feature. Pin-For-Pin 
Compatible with MAX-232, Rugged 
Bipolar Design Less Subject to ESD 
Damage and Latchup. 

LT1181C, l,M 

+ 5V Powered RS232 Driver/Receiver 

2 

2 

22mA 

i 

f 

I 

J, N,S 

16 Pin Version of LT1 180 without 
Shutdown Feature. Pin-For-Pin 
Compatible with MAX-232, Rugged 
Bipolar Design Less Subject to ESD 
Damage and Latchup. Uses smaller 
O.ImF Capacitors. 

LTC1045C, M 

programmable Micropower Hex Level 
Translator/Receiver/Driver 

0 

6 

4.5mA 

100/iA** 

! 

1 

J,N,S 

Versatile Level Translator Performs 
Many Level Translation, Line Driver 
and Line Receiver Functions. Power 
Consumption is Programmable. 

LT1130C, M 

+ 5V Powered RS232 Transceiver 

5 

5 

27mA 


J, N,S 

LT113X Product Family Offers Wide 
Array of Multiple Driver/Receiver Func- 
tions. All Devices (Except LT1135, 
LT1139, LT1140, LT1141) Have +5Vto 
± 9 V Power Supply Converter On-Chip. 
All Outputs are Overload Protected and 
Do Not Allow Current Flow Back Into 
Power Supplies When Shut Down. The 
LT1 135, LT1 140 and LT1 141 Do Not 

Have Onboard Voltage Converters and 
are Ideal for Low Power Applications 
with ± 12V Supplies Already Available. 
The LT1 139 Has a + 12V to- 9V Volt- 

LT1131C, M 

+ 5 V Powered RS232 Transceiver 

5 

4 

27mA 

X 

J, N,S 

LT1132C, M 

+ 5 V Powered RS232 Transceiver 

5 

3 

27mA 


J,N,S 

LT1133C, M 

+ 5V Powered RS232 Transceiver 

3 

5 

27mA 


J,N,S 

LT1134C, M 

+ 5V Powered RS232 Transceiver 

4 

4 

27mA 


J, N,S 

LT1135C, M 

+ 5V Powered RS232 Transceiver 

5 

3 

* 


J,N,S 

LT1136C, M 

+ 5V Powered RS232 Transceiver 

4 

5 

27mA 

X 

J, N,S 

LT1137C, M 

+ 5V Powered RS232 Transceiver 

3 

5 

27mA 

X 

J, N, S 

LT1138C, M 

+ 5V Powered RS232 Transceiver 

5 

3 

27mA 

X 

J,N,S 

LT1139C, M 

+ 5V Powered RS232 Transceiver 

4 

4 

* 

X 

J, N,S 

LT1140C, M 

+ 5V Powered RS232 Transceiver 

5 

3 

* 

X 

J, N,S 

LT1141C, M 

+ 5V Powered RS232 Transceiver 

3 

5 


X 

J, N, S 

age Converter and is Suited for Low 
Power Applications where + 12V and 
+5V Supplies are Available. 


* Not yet determined at time of printing. Will be substantially below 27mA. Consult factory for actual values. 
* * Programmable down to lOO^A. 
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LT1030 

Quad Low Power Line Driver 


F€RTUR€S DCSCRIPTIOR 


■ Low Operating Voltage ±5V to ±15V 

■ 500/tA Supply Current 

■ Zero Supply Current when Shut Down 

■ Outputs Can Be Driven ±30V 

■ Output “Open” when Off (3- State) 

■ 10mA Output Drive 

■ Pinout Similar to 1488* 

■ Output of Several Devices can be Paralleled 

■ Available in SO Package 

RPPUCRTIORS 

■ RS232 Driver 

■ Micropower Interface 

■ Level Translator 

* Check comoatibility, some pins different 


The LT1030 is an RS232 line driver that operates over a 
±5V to ±15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of ± 30V by current 
limiting. Since the output swings to within 200mV of the 
positive supply and 1 V of the negative supply, power supply 
needs are minimized. 

A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 

Our RS232 product line includes other high-performance 
devices. The LT1039 is a triple low-power driver/ 
receiver with shutdown that can be powered from a 5 V 
supply. The LT 1 080 is a 5 V powered dual driver/ receiver 
with on-chip ±9 V power generator, and shutdown. 


TVPICRl RPPUCRTIOR 


RS232 Line Driver 



OUTPUT — | 3 
ON-OFF 
(0V-5V)t 
INPUT— {5 

OUTPUT —{{H 

GND [7] 



+ 6V 

STROBE* 

INPUT 

OUTPUT 

NC 

INPUT 

OUTPUT 


*N0 CONNECTION NEEDED WHEN NOT USED. 
t5V = 0N. 



0 1 2 3 4 5 

OUTPUT CURRENT (mA) 


rrimm 

TECHNOLOGY 


10-5 






LT1030 


ABSOLUTE fllAXIfflUffl AATIflGS 


Supply Voltage ±15V 

Logjcjnput Pins V - to 25V 

On-Off Pin GNDto12V 

Output (Forced) V“ +30V, V+ -30V 

Short Circuit Duration (to ±30V) Indefinite 

Operating Temperature Range 

LT1030C 0°Cto70°C 

Guaranteed Functional by Design . . . -25°Cto85°C 

Storage Temperature - 65°C to 1 50 °C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORfYIRTIOR 



TOP VIEW 


ORDER PART 
NUMBER 

v- |y 
(-15VTO -5V) Li. 

E 

\± 

Sft 

— l V + 

221 (5V TO 15V) 

13] STROBE 

Tol 

ON-OFF rr 
(0V TO 5V) Li 

If L 

13 

LT1030CJ 

E 

E 

gnd[7 

n 

3 

11 

3 

LT1030CN 

LT1030CS 

FOR MILITARY 
APPLICATIONS 

J PACKAGE 

14-LEAD CERAMIC DIP Q PAPkArF 

N PACKAGE 

14-LEAD PLASTIC DIP 

14-LEAD PLASTIC S 

USE LT1032MJ 


(.150 "WIDE) 



€L€CTRICRL CHRRRCT€RISTICS (Supply Voltage = ±5V to ±15V) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Vqn-off — 2.4V, Iqut^Oi All Outputs Low | 

• 


500 

1000 

mA 

Power Supply Leakage Current 

V on „off<0.4V 




1 

10 

mA 


^0N-0FF — 0- IV 


• 


10 

150 

aA 

Output Voltage Swing 

Load = 2mA 

Positive 


V+-0.3V 

V+-0.1V 


V 



Negative 



V - -f 0.9V 

V - + 1.4V 

V 

Output Current 

^SUPPLY ± 5V to ± 1 5V 


5 

12 


mA 

Output Overload Voltage (Forced) 

Operating or Shutdown 

• 

> 

o 

CO 

1 

+ 

> 


V “ + 30V 

V 

Output Current 

Shutdown 

Vqut=±30V 



2 

100 

aA 

Input Overload Voltage (Forced) 

Operating or Shutdown 

• 

V“ 


15 

V 

Logic Input Levels 

Low input (V 0UT = High) 

• 


1.4 

0.8 

V 


High Input (V 0U j= Low) 

• 

2 

1.4 


V 

Logic Input Current 

V, n >2.0V 




2 

20 

/x A 


V, N < 0.8V 




10 

20 


On-Off Pin Current 

0<V, n <5V 

• 

-10 

30 

65 

aA 

Slew Rate 



4 

15 

30 

V//e! S 


The • denotes specifications which apply over the operating Note 1: 3 V applied to the strobe pin will force all outputs low. Strobe pin 

temperature range. input impedance is about 2k to ground. Leave open when not used. 


pin puncTions 


PIN 

FUNCTION 

COMMENT 


1 14 f 

i 


1 

Minus Supply 

Operates -2V to -15V 






2,5,9,12 

Logic Input 

Operates properly on TTL or CMOS levels. 



LT1030 





Output valid from (V~ +2V)<V !N <15V. 








Connect to 5V when not used. 



1 1 

[ 


3,6,8,11 

Output 

Line drive output. 


1 


1 


4 

On-Off 

Shuts down entire circuit. Cannot be left 



pi 

1N4001 





open. For “normally on’’ operation, con- 








nect between 5V-10V. 

Note: As with other bipolar ICs, forward biasing the substrate 

7 

Ground 

Ground must be more positive than V“ 

diode can cause problems. The LT1030 will draw high current 




from V + to ground if the V - pin is open circuited or pulled 

13 

Strobe 

Forces all outputs low. Drive with 

above ground. If this is possible, connecting a diode from V - 



3V. 

to ground will prevent the high current state. Any low cost diode 

14 


Positive supply 5V to 15V. 

can be used. 
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LT1030 


TYPICAL PCAFORmnnCC CHARACTERISTICS 


On Supply Current vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


On Supply Current vs Supply 
Voltage 

5.0 
4 5 

4.0 


I 2.5 

cc 

^ 2.0 
>- 

£ 1 5 
r) 
co 

1 0 
0.5 
0 

10 15 20 25 30 

TOTAL SUPPLY VOLTAGE (V) 




























ALL 

0UTP 

UTS H 

GH 




— 

















! 


















AL 

1 OUT 

PUTS 

L0W_ 





| 

n 





Off Supply Current vs 
Temperature 



25 50 75 100 125 

TEMPERATURE (°C) 


Off Output Leakage vs 
Temperature 



25 50 75 100 125 

TEMPERATURE (°C) 



GND 5 10 15 

ON-OFF PIN VOLTAGE (V) 


Shutdown Voltage vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Current Limit vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Swing vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Slew Rate vs Temperature 
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LT1030 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


On-Off Response Time 



On-Off Response Time 



6V 

OUTPUT 

4 V 

(V 1N =OV) ' 

2 V 


OV 


: OV 

OUTPUT 

-2 V 

(V|n = 5V) 

— 4V 


-6 V 

ON-OFF 

J 5V 

INPUT 1 

. OV 


H = 100/iS/DIV 



Output Waveform Driving 

Output Waveform Capacitive Load 



H=2 # tS/DIV 


PACKAGE DESCRIPTOR Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

14-Lead Hermetic DIP 



N Package 
14-Lead Plastic 



(19 558) 

N [iSl [izl R N f9l [el 

T 

0 250±0 010 
(6 350 ±0 254) 

i 

) 


murtu'iini]" urnr 



T jmax 

©jA 


T jmax 

©jA 

150°C 

80°C/W 


110°C 

130°C/W 
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TECHNOLOGY 


LT1030CS 

Quad Low Power Line Driver 


FCATURCS 

■ Low Operating Voltage ±5V to ± 15 V 

■ 500/»A Supply Current 

■ Zero Supply Current when Shut Down 

■ Outputs can be Driven ±30V 

■ Output “Open” when Off (3-State) 

■ 10mA Output Drive 

■ Pin Compatible with 1488 

* Output of Several Devices can be Paralleled 

APPLICATIOAS 

■ RS232 Driver 

■ Micropower Interface 

■ Level Translator 


D6SCAIPTIOA 

The LT1030 is an RS232 line driver that operates over a 
± 5V to ± 15V range on low supply current and can be shut 
down to zero supply current. Outputs are fully protected 
from externally applied voltages of ± 30V by current limit- 
ing. Since the output swings to within 200mV of the posi- 
tive supply and IV of the negative supply, power supply 
needs are minimized. 

A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 


TYPICAL APPUCATIOA 


RS232 Line Driver 


— 6V ■ 
INPUT - 

OUTPUT 

ON-OFF 

(0V-5V)t 

INPUT 


OUTPUT ■ 


GND IT 


LT1030 


u t_ 

Lf Lr 


p4j— +ev 

pV— STROBE* 
^2j— INPUT 
TT| — OUTPUT 
loj— NC 
7J— INPUT 
8l— OUTPUT 


*N0 CONNECTION NEEDED WH€N NOT USED. 
t5V = 0N. 



0 1 2 3 4 5 

OUTPUT CURRENT (mA) 
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LT1030CS 


absolute mnximum rrtirgs 


Supply Voltage ±15V 

Logjcjnput Pins V - to 25V 

On-Off Pin GNDto 12V 

Output (Forced) V~ +30V.V+ -30V 

Short Circuit Duration (to ±30V) Indefinite 

Operating Temperature Range 

LT1030C 0°Cto 70°C 

Guaranteed Functional by Design ... - 25°C to 85°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, lOsec) 300°C 


PRCKRGE/ORD6R MFORfflRTIOR 



TOP VIEW 


ORDER PART 

v- |y 

( — 15V TO -5V) LL 


n n 

— < v + 

iil (5V TO 15V) 

NUMBER 

E 

E 

ON-OFF rr 
(OV TO 5V) LI 

DE 

GE 

gnd[7 

*** 

s? 

U Lr 

13] STROBE 

1 

B 

a 

a 

3 

LT1030CS 


PART MARKING 




$14 PACKAGE 
PLASTIC SO 


LT1030CS 


ELECTRICAL CHRRRCT€RISTICS (Supply Voltage =±5V to ±15V) 


PARAMETER 

| CONDITIONS 1 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Vqn-off — 2.4V, Iqut = 0, All Outputs Low j 

• 


500 

1000 

M 

Power Supply Leakage Current 

Von-off^0.4V 




1 

10 

aA 


^ON-OFF — 0- IV 


• 


10 

150 

ii /\ 

Output Voltage Swing 

Load = 2mA | 

Positive 


V+-0.3V 

V+-0.1V 


V 



Negative 



V'+0.9V 

V-+1.4V 

V 

Output Current 

^SUPPLY 5V tO db 1 5V 


5 

12 


mA 

Output Overload Voltage (Forced) 

Operating or Shutdown 

• 

V+-30V 


V~+30V 

V 

Output Current 

Shutdown 

Vqut— ±30V | 

i 


2 

100 

aA 

Input Overload Voltage (Forced) 

Operating or Shutdown 

• 

V“ 


15 

V 

Logic Input Levels 

Low Input (V 0UT = High) 

• 


1.4 

0.8 

V 


High Input (V OUT =Low) 

• 

2 

1.4 


V 

Logic Input Current 

V, n >2.0V 




2 

20 

/iA 


V 1n <0.8V 




10 

20 

ptA 

On-Off Pin Current 

0<V in <5V 

• 

-10 

30 

65 

aA 

Slew Rate 



4 

15 

30 

V/VS 


The • denotes specifications which apply over the operating Note 1 : 3V applied to the strobe pin will force all outputs low. Strobe pin 

temperature range. input impedance is about 2k to ground. Leave open when not used. 


pin Funcnons 


PIN 

FUNCTION 

COMMENT 

1 

Minus Supply 

Operates -2V to -15V 

2,5,9,12 

Logic Input 

Operates properly on TTI. or CMOS levels. 
Output valid from (V~ +2V)<V )N <15V. 
Connect to 5 V when not used. 

3,6,8,11 

Output 

Line drive output. 

4 

On-Off 

Shuts down entire circuit. Cannot be left 
open. For “normally on” operation, con- 
nect between 5V-10V. 

7 

Ground 

Ground must be more positive than V - 

13 

Strobe 

Forces all outputs low. Drive with 

3V. 

14 


Positive supply 5V to 15V. 


14 8 

LT1030 

1 7 


1 W 1 

1N4001 

Note : As with other bipolar ICs, forward biasing the substrate 
diode can cause problems. The LT1030 will draw high current 
from V + to ground if the V ~ pin is open circuited or pulled 
above ground. If this is possible, connecting a diode from V _ 
to ground will prevent the high current state. Any low cost diode 
can be used. 
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TECHNOLOGY 


LT1032 

Quad Low Power Line Driver 


F€ATUR€S 

■ Low Operating Voltage ±5Vto ±15V 

■ 500/aA Supply Current 

■ Zero Supply Current when Shut Down 

■ Outputs Can Be Driven ±30V 

■ Thermal Limiting 

■ Output “Open” when Off (Three- State) 

■ 10mA Output Drive 

■ Pinout Similar to 1488 (See Diagram)* 

APPUCATIOAS 

■ RS232 Driver 

■ Power Supply Inverter 

■ Micropower Interface 

■ Level Translator 


* Check compatibility, some pins different 


DCSCRIPTIOA 

The LT1 032 is a RS232 and RS423 line driver that operates 
over a ± 5V to ± 1 5V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of ± 30V by both 
current and thermal limiting. Since the output swings to 
within 200mV of the positive supply and 600mV of the neg- 
ative supply, power supply needs are minimized. 

Also included is a strobe pin to force all outputs low inde- 
pendent of input or shutdown conditions. Further, slew 
rate can be adjusted with a resistor connected to the 
supply. 

A major advantage of the LT1032 is the high impedance 
output state when off or powered down. 

For applications requiring dual or triple RS232 driver/ re- 
ceiver devices, see the LT1080 (dual) or LT1039 (triple) 
datasheets. 


TYPICAL APPUCATIOA 


RS232 Line Driver 


-ev — Qj 

INPUT — [T 

OUTPUT— (7 
ON-OFF rrl 
(0V-5V)t 

INPUT— UJ 
OUTPUT —[6 
GN'D \ 7 ] 



+ 6V 
STROBE* 

INPUT 

OUTPUT 

RESPONSE TIME 
CONTROL* 

INPUT 

OUTPUT 


*N0 CONNECTION NEEDED WHEN NOT USED. 
t5V = 0N. 


Output Swing vs Output Current 
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LT1032 


absolute mnximum rrtirgs 


PACKAGE/ORDER IRFORmATIOR 


Supply Voltage ±15V 

Logic Input Pins V“to25V 

On-Off Pin GNDto 15V 

Output (Forced) V~ + 30V, V+ -30V 

Response Pin ± 6V 

Short Circuit Duration (to ±30V) Indefinite 

Operating Temperature Range 

LT1032M — 55°Cto125°C 

LT1032C O' C to 70 C 

Guaranteed Functional by Design ... - 25°C to 85°C 
Lead Temperature (Soldering, 10 sec) 300°C 



V CC 

(5V TO 15V) 
STROBE 


RESPONSE 

CONTROL 


J PACKAGE N PACKAGE 

14-PIN HERMETIC 14-PIN PLASTIC 


ORDER PART 
NUMBER 


LT1032MJ 

LT1032CJ 

LT1032CN 


€l€CTRICAl CHARACTERISTICS 


(Supply Voltage = ± 5V to ± 15V) 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

v on-off^2.4V, Iout = 0> All Outputs Low 

• 


500 

1000 

m a 

Power Supply Leakage Current 

Von-off^0.4V 



1 

10 

mA 


V ON -off<0.1V, T a — 125°C 

• 


10 

50 

aA 

Output Voltage Swing 

Load = 2mA 

Positive 

i 

V+ — 0.3V 

V+-0.1V 


V 



Negative 



V-+0.7V 

V-+0.9V 

V 

Output Current 

Vsupply ^ 5 V to ± 15V 


10 

22 


mA 

Output Overload Voltage (Forced) 

Operating or Shutdown 

• 

V+-30V 


V ~ + 30V 

V 

Output Current 

Shutdown 

Vqut-^SOV 



2 

100 


Input Overload Voltage (Forced) 

Operating or Shutdown 

• 

V“ 


30V 

V 

Logic Input Levels 

Low Input (V 0 ut= H igh) 

• 


1.4 

0.8 

V 


High Input (V 0UT = Low) 

• 

2 

1.4 


V 

Logic Input Current 

V| N >2.0V 




2 

20 

nA 


V, n <0.8V 




10 

20 

aA 

On-Off Pin Current 

0<V, n <5V 

• 

-10 

3 

50 

aA 

Slew Rate 

1 RESPONSE =° 


4 

15 

30 

W s 

Change in Slew Rate (Note 2) 

1 RESPONSE = +50ftA 



+ 50 


% 


1 1 RESPONSE = “ 

50/xA 



-50 


% 

Response Pin Leakage 

Vsupply= ±6V, Von/off 

Vresponse= ±6V 


1 

aA 


The • denotes specifications which apply over the operating Note 2: Response can be changed by connecting a resistor to the 

temperature range. supply. For supplies less than ± 6 V this current is disconnected when 

Note 1: 3 V applied to the strobe pin will force all outputs low. Strobe pin shut down. Leave open when not used, 
input impedance is about 2k to ground. Leave open when not used. 
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LT1032 


twical pcRFoamnncc characteristics 


On Supply Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current vs Supply 
Voltage 



SUPPLY VOLTAGE (±V) 


Off Supply Current vs 
Temperature 



25 50 75 100 125 

TEMPERATURE (°C) 


Output Swing vs Output Current 



0 2 4 6 8 10 

OUTPUT CURRENT (mA) 


Output Leakage vs 
Temperature 



Response Pin Leakage vs 
Temperature (Device Off) 



25 50 75 100 

TEMPERATURE (°C) 


On-Off Pin Current vs Voltage 



Shutdown Pin Voltage vs 
Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Current Limit vs Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 
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LT1032 


TYPICAL PCftfOftflMMKC CHAAACTCMSTKS 


Output Swing vs Temperature 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 

On-Off Response Time 


v 0UT | 

VOUT • 
ON-OFF/ 

input! 


6V 

4V 

2V 

0 

0 

-2V 
— 4V 
-6V 
5V 
0 


OUTPUT HIGH 

OUTPUT LOW 

INPUT 



0 200^s 400/cS 600^s 1ms 


Slew Rate vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




Output Waveform Driving 

Capacitive Load Strobe Pin Response 


V 0UT 


6 V 
4V 
2 V 
0 

-2V 
— 4V 
-6V 


OUTPUT 


5V/DIV 

0 


LOGIC / 5V 
INPUT ! 0 


STROBE / 5 V 
INPUT \ o 
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LT1032 


RppucATions mpoRmnnon 

Application Hints 

The LT1032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as ±3 V or as high as ± 15V. Input levels are referred to 
ground. 

The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from IV above V - to 25V. 
Driving the logic inputs to V - turns off the output stage. 
The “on-off” control completely turns off all supply cur- 
rent of the LT1 032 . The levels required to drive the device 
on or off are set by internal emitter-base voltages. Since 
the current into the “on-off” pin is so low, TTL or CMOS 
drivers have no problem controlling the device. 

The strobe pin is not fully logic compatible. The imped- 
ance of the strobe pin is about 2kO to ground. Driving the 
strobe pin positive forces the output stages low— even if 
the device is shut off. Under worst-case conditions, 3 V 
minimum at 2mA are needed driving the strobe pin to in- 
sure strobing. 


The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50/tA to 
lOO/itA into the pin. The response pin is a low impedance 
point operating at about 0.75V above ground. For supply 
voltage up to ± 6 V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6 V. Also, for temperatures 
above 100°C, using the response pin is not recom- 
mended. The leakage current into the response pin at 
high temperatures is excessive. 

Outputs are well protected against shorts or externally 
applied votlage. Tested limits are ±30V, but the device 
can withstand external voltages up to the breakdown of 
the transistors (typically about 50V). The LT1032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 


pm Funcnon 


PIN 

FUNCTION 

COMMENT 

1 

Minus Supply 

Operates — 2V to —15V 

2,5,9,12 

Logic Input 

Operates properly on TTL or CMOS levels. 
Output valid from (V ~ + 2V) < V (N < 1 5V . 
Connect to ground when not used. 

3,6,8,11 

Output 

Line drive output. 

4 

On-Off 

Shuts down entire circuit. Cannot be left 
open. For “normally on” operation, con- 
nect to V + . 

7 

Ground 

Ground must be more positive than V - 

10 

Response Control 

Allows limited change of slew rate. Leave 
open when not used. 

13 

Strobe 

Forces all outputs low. Drive with 

3V. 

14 

Positive .Supply 

Operates 5V to 15V 


rrimm 
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LT1032 


TYPICAL APPLICATION 


Protecting Against More than ±30 V Output Overload 



FET Driver 


Slew Rate Adjustment* 


INPUT 



‘ABOUT 4 V/^s CHANGE 
t ZENERS PREVENT LEAKAGE 
DURING SHUT DOWN 



TTL/CMOS Compatible Strobe Strobing with CMOS 



1016 


XTU05SB 





LT1032 
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LT1032 



PACKAGE DCSCAIPTIOA 


J Package 
14-Lead Ceramic DIP 


N Package 
14-Lead Plastic DIP 




Tjmax 

©jA 

©jC 

LT1032MJ 

150°C 

100°C/W 

60°C/W 

LT1032CJ 

85°C 

100°C/W 

60°C/W 

LT1032CN 

85°C 

100°C/W 

60°C/W 
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LT1039/LT1039-16 


/TLintAE 

TECHNOLOGY 


F€ATUft€S 

■ Operates from ± 5V to ± 15V Supplies 

■ Fully Protected Against Overload 

■ Outputs can be Driven + 30V without Damage 

■ Three-State Outputs; Outputs Open when Off 

■ Bipolar Circuit-No Latch Up 

■ ± 30V Input Range 

■ Triple Driver/Receiver 

■ No Supply Current in Shutdown 

■ 30k0 Input Impedance 

■ Meets All RS232 Specifications 

■ 16 Pin Version-Pin Compatible with MC145406 

■ Available in SO Package 

nppucnnons 

■ RS232 Interface 

■ Terminals 

■ Modems 


RS232 Driver/ Receiver 
with Shutdown 

D€SCMPTIOfl 

The LT1039 is a triple RS232 driver/receiver which includes 
SHUTDOWN. Each receiver will accept up to ±30V input 
and can drive either TTL or CMOS logic. The RS232 drivers 
accept TTL logic inputs and output RS232 voltage levels. 
The outputs are fully protected against overload and can 
be shorted to ground or up to ± 30V without damage to the 
drivers. Additionally, when the system is shut down or 
power is off, the outputs are in a high impedance state al- 
lowing data line sharing. Bipolar circuitry makes this 
driver/receiver exceptionally rugged against overloads or 
ESD damage. 

A bias pin allows one receiver to be kept on while the rest 
of the part is shut down. 

The 1039 is also available in the 16 pin version, without 
shutdown or bias pin functions. 

For applications requiring operation from a single 5V sup- 
ply, see LT1080/81 datasheet. 


TVPicni nppiicfiTion 



Driver Output Swing 



IN SHUTDOWN. 


/Tuum 
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LT1039/LT1039-16 


ABSOLUTE fflRXIfflUffl RRTIRGS 


Supply Voltage 

Driver (V + ,V~) ± 16V 

Receiver (Vcc) 7V 

Logic Inputs V- to 25V 

Receiver Inputs ±30V 

On-Off Input GND to 12V 

Driver Outputs V - + 30V to V + - 30V 

Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1039M — 55°C to 125°C 

LT1039C 0°Cto 70°C 

Guaranteed Functional by Design - 25°C to 85°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORfflRTIOR 



TOP VIEW 


ORDER PART 
NUMBER 

V+ E 

REC1 IN |T 


7] V CC 

7] REC1 OUT 

TR1 OUT (T 
REC2 IN \T 
TR2 OUT [ T 
REC3 IN [7 
TR3 OUT [7 

v - [7 

LT 1039- 16 

7] TR1 IN 

7] REC2 OUT 

7] TR2 IN 
]T|rEC3 0UT 

7] TR3 IN 

7] GND 

LT1039CN16 

LT1039CJ16 

LT1039MJ16 

J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAO PLASTIC DIP 


v+H 

TOP VIEW 

O 

7] V CC 

LT1039CN 

BIAS [7 


71 0N-0FF 

LT1039CJ 

REC1 IN [7 


7] REC1 OUT 

LT1039MJ 

TR1 OUT (7 

LT1039 

7J TR1 IN 

LT1039CS 

REC2 IN [7 

7] REC2 OUT 


TR2 OUT [7 


7] TR2 IN 


REC3 IN [7 


7J REC3 OUT 


TR3 OUT [7 


7] TR3 IN 


v- [7 


7] GND 


J PACKAGE 

18-LEAD CERAMIC DIP 

S PACKAGE 

N PACKAGE 
18-LEAD PLASTIC DIP 


j 18-LEAD PLASTIC SOL 



€l€CTRICRl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Driver V + = 12V; V " = - 12V; Von-ofT = 25V 

Output Voltage Swing 

Load = 3k 

Positive 

• 

V+-0.4 

V+-0.1 


V 


to Ground 

Negative 

• 

V" +1.5 

V- +1 


V 

Logic Input Voltage 

Input Low Level (V 0 ut = High) 

• 


1.4 

0.8 

V 

Levels 

Input High Level (V 0UT = 

Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V,n — 2-OV 




1 

20 

f*A 


V, n <0.8V 




5 

20 

jtA 

Output Short Circuit 

Sourcing Current, V 0 ut = 

:0V 


5 

15 


mA 

Current 

Sinking Current, V O ut = 0V 


-5 

-15 


mA 

Output Leakage Current 

SHUTDOWN (Notes 1 and 2); V 0 U t= ± 18V, V, N = 0 

• 


10 (25°C) 

200 

**A 

Supply Leakage Current 

SHUTDOWN (Note 1) 

• 


1 (25°C) 

100 

fa 

Slew Rate 

R L =3kQ;C L = 51pF 


4 

15 

30 

V/jiS 

Supply Current 

i 

ii 

13 

o 

> 



4 

8 

mA 

Receiver V cc = 5V; V on .of= 2.5V 

Input Voltage Thresholds 

Input Low (V 0UT = High) 


# 

0.5 

1.3 


V 


Input High (V OUT = Low) 




1.7 

2.8 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 


• 

30 


Output Voltage 

Output Low, l 0UT = - 1 .6mA 

• 


0.4 

0.5 

V 


Output High, I O ut=160/tA 

• 

3.5 

4.8 


V 

Output Short Circuit 

Sinking Current, V 0 ut = 

Vcc 

• 

-10 



mA 

Current 

Sourcing Current, V 0 ur = 

0V (Note 3) 

• 

0.5 

1 


mA 

Output Leakage Current 

SHUTDOWN (Note 1); 0V< V 0UT < V cc , V, N = 0 

• 


1 

10 

m a 

Supply Current 


• 


4 

7 

mA 
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LT1039/LT1039-16 


€l€CTRICAl CHARACTERISTICS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Leakage Current 

SHUTDOWN (Note 1) 

• 

! 


1 (25° C) 

100 


On-Off Pin Current 

0V<V on .off^5V 

• 

-15 


80 

(A 


The • denotes specifications which apply over the operating temperature Note 2: For T A >100°C, leakage current is 350/zA max. 
range. Note 3: For T A < - 25°C, output source current is 0.4 mA. 

Note 1: Von-off = °- 4V for ~ 55°C<T A <100°C, and V 0 n-off = °- 2V for 
100 °C<T a < 125°C. Does not apply to LT1 039-16 part. 


pm Functions (Pin numbers listed are for 18 pin device). 

V+, V - (Pins 1, 9): Driver supply pins. Supply current REC IN (Pins 3, 5, 7): Receiver input pins. Accepts RS232 

drops to zero in SHUTDOWN mode. Driver outputs are in a voltage levels ( ± 30V) and has 0.4V of hysteresis to provide 

high impedance state when V + and V - = OV. noise immunity. Input impedance is nominally 3(M 


Vcc (Pin 18): 5V power for receivers. 

GND (Pin 10): Ground pin. 

TR IN (Pins 11, 13, 15): RS232 driver input pins. Inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc. 

TR OUT (Pins 4, 6, 8): Driver outputs with RS232 voltage 
levels. Outputs are in a high impedance state when in the 
SHUTDOWN mode or when power is off (V+ and 
V - =0 V) to allow data line sharing. Outputs are fully 
short circuit protected from V - + 30V to V + -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ± 45V and higher applied 
voltages will not damage the device if moderately current 
limited. 


REC OUT (Pins 12, 14, 16): Receiver outputs with TTL / 
CMOS voltage levels. Outputs are in a high impedance 
state when in the SHUTDOWN mode to allow data line 
sharing. Outputs are fully short circuit protected to ground 
or Vcc with power on, off, or in the SHUTDOWN mode. 

ON-OFF (Pin 17): Controls the operation mode of the 
LT1039 and is TTL/CMOS compatible. A logic low puts the 
device in the SHUTDOWN mode which reduces input sup- 
ply current to zero and places both driver and receiver out- 
puts in a high impedance state. 

BIAS (Pin 2): Keeps receiver 1 on while the LT1039 is in the 
SHUTDOWN mode. Leave BIAS pin open when not in use. 
See Application Hints for proper use. 


typical i>€RFOftmnnc€ characteristics 

Driver Output Short 
Circuit Current 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Receiver Input Thresholds 


























IN 

PUT HI 

3H 



— 

— - 



— — 










1 



IN 

PUT LG 

IW 

























-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


XTUDSJg 
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LT1039/LT1039-16 


typical p€RFOftmnnc€ charactcristics 


Supply Current in SHUTDOWN 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Driver Output Leakage 
in SHUTDOWN 


Receiver Output Short 
Circuit Current 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C)‘ 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


On-Off Pin Current vs Voltage 


Driver Output Swing vs Current 



0 1 2 3 4 5 

INPUT VOLTAGE (V) 



O 0.5 1.0 1.5 2.0 2.5 3 0 3.5 4 0 4.5 5.0 
OUTPUT CURRENT (mA) 


Output Waveforms 



SHUTDOWN to Driver Output 
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LT1039/LT1039-16 



TYPICAL APPUCATIOA 


LT1080 (Driver/Receiver with Power Supply) Driving an LT1039 


1^1 ON-OFF ^ Vccl^- 




-RS232 OUT TTL INPUT - 


-RS232 OUT TTL INPUT- 
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LT1039/LT1039-16 


nppucnnon Hims 

The driver output stage of the LT1039 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to ±30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 

Placing the LT1039 in the SHUTDOWN mode (Pin 17 low) 
puts both the driver and receiver outputs in a high 


impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops all supply currents 
(Vcc, V + , V ' ) to zero for power-conscious systems. 

When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


LT1039 Driver 


Sharing a Receiver Line 



Older RS232 Drivers and Other CMOS Drivers 


V + 



WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


LT1039 #1 
RECEIVER 



Sharing a Transmitter Line 


Transceiver 


LT 1 039 #1 
DRIVER 



INPUT 


RS232 

TRANSMISSION 

LINE 


LT 1 039 #1 
DRIVER 



RS232 

TRANSMIT/RECEIVE 

LINE 
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LT1039/LT1039-16 


appucatioa hiats 

To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 

The receiver input impedance of the LT1039 is nominally 
3(M For applications requiring a 5kQ input impedance, a 
5.6kSi resistor can be connected from the receiver input to 
ground. 

Driver inputs should not be allowed to float. Any unused 
inputs should be tied to Vcc- 


The bias pin is used to “keep alive” one receiver while in 
the SHUTDOWN mode (all other circuitry being inactive). 
This allows a system to be in SHUTDOWN and still have 
one active receiver for transferring data. It can also be 
used to make an RS232 compatible SHUTDOWN control 
line. Driving the bias pin low through a resistance of 24kft 
to 30kQ keeps the receiver active. Do not drive the bias pin 
directly from a logic output without the series resistor. An 
unused bias pin should be left open. 


IT 1 039 
RECEIVER 


ON-OFF _ 
input" 


V CC 


kT £51k* CMOS 

RS232 \s, Q I H sp 10 L0GIC 

INPUT OUTPUT 


* FORCES LOGIC INPUT STATE 
WHEN V on-Qff IS LOW 


Keeping Alive One 
Receiver while in 
SHUTDOWN 


LOGIC SHUTDOWN 
INPUT 


25kfl 

-vw- 


RS232 3 

INPUT 


8tA$ ... ^ 17 

"1 ON-OFF 1 

— cU-- 


16 LOGIC 
OUTPUT 



LOGIC 

"OUTPUT 


RS232 Compatible 
SHUTDOWN Control Line 


25kO 

-vw 



XTUEE* 
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LT1039/LT1039-16 


PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J16 Package Ceramic DIP 






N16 Package Plastic DIP 
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LTC1045 


rruum 

TECHNOLOGY 


F€flTUA€S 

■ Efficiently T ranslate Voltage Levels 

■ Internal Hysteresis for Noise Immunity 

■ Output Latches Included 

■ Three-State Outputs 

■ Programmable Power/Speed 

■ Power can be Completely Shut Off 

■ ± 50V on Inputs with External lOOkO Limit Resistor 

■ 1.2/iS Response at lOOpA Supply Current 

flppucnnons 

■ TTL/CMOS to ±5V Analog Switch Drive 

■ TTL to CMOS (3V to 1 5V Vcc) 

■ ECLto CMOS (3V to 15V V C c) 

■ Ground Isolation Buffer 

■ Low Power RS232 Line Receiver 


Programmable Micropower Hex 
Translator / Receiver / Driver 

D€SCRIPTIOn 

The LTC1045 is a hex level translator manufactured using 
Linear Technology’s enhanced LTCMOS™ silicon gate 
process. It consists of six high speed comparators with 
output latches and three-state capability. Each compara- 
tor’s plus input is brought out separately. The minus in- 
puts of comparators 1-4 are tied to Vjripi and 5-6 are tied 
to VTRIP2- 

The Iset pin has several functions. When taken to V + the 
outputs are latched and power is completely shut off. 
Power/speed can be programmed by connecting Iset to 
V - through an external resistor. 

LTCMOS™ is a trademark of Linear Technology Corp. 



rr\rm 
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LTC1045 


absolute mnximum ratiags 

(Notes land 2) 


Total Supply Voltage (V + , V 0 H to V - , V 0L ) 18V 

Output High Voltage (Voh) <V + 

Input Voltage 18V to V" -0.3V 

Operating Temperature Range 

LTC1045C - 40°C to 85°C 

LTC1045M -55°Cto125°C 

Storage Temperature Range - 55°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Output Short Circuit Duration 

(Voh - Vol— 10V) Continuous 

ESD (MIL-STD-883, Method 3015.1) 2000V 


PACKAGC/ORDER lAFORfflATlOA 



TOP VIEW 


ORDER PART 

Voh [T 

' cr _ 

2^ V + 

NUMBER 

INPUT 1 |T 


33 OUTPUT 1 


INPUT 2 [T 


33 OUTPUT 2 

LTC1045MJ 

INPUT 3 [ 7 


33 OUTPUT 3 

LTC1045CJ 

INPUT 4 [7 
INPUT 5 |T 

LTC1045 

33 OUTPUT 4 

33 OUTPUT 5 

LTC1045CN 

INPUT 6 [7 


33 OUTPUT 6 


VTRIP2 |T 


33 DISABLE 


Vtripi [7 


ID iSET 


v- [io 


13 Vol 


J20 PACKAGE N20 PACKAGE 

HERMETIC DIP PLASTIC DIP 



ELECTRICAL CHARACTERISTICS 

(Note 3) V + = Vqh = 5V, V “ = Vql = 0V, Ta = 25°C unless otherwise specified. 





LTC1045M 

LTC1045C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Ib 

Input Bias Current 

V<V| N <V + 



±1 



±1 


nA 







1.0 



0.5 

/jA 


Trip Voltage Range 
(Pin 8 and Pin 9) 


• 

V 


V+-2 

V" 


V + -2 

V 

Is 

V + toV" Supply Current 

DISABLE = V + , R S e T = 10k 



2.5 

3.5 


2.5 

3.5 

mA 







5.0 



4.5 

mA 

•off 

V + toV” Supply Current 

DISABLE = I S et=V + 



10 



10 


nA 


in Shutdown 




5 



1 

aA 

Vref 

Voltage on Irft (Pin 12) 

RsET= 10k 



0.9 



0.9 


V 




• 

0.5 


1.4 

0.6 


1.25 

V 

Voh 

TTL Output High Voltage 

•out = - 360^A, V + = 4.5 V 

• 

2.4 

4.4 


2.4 

4.4 


V 

Vol 

TTL Output Low Voltage 

l 0UT = 1.6mA, V + =4.5V 



0.2 

0.4 


0.2 

0.4 

V 

•sink 

Output Short Circuit 

V IN = V TR ,p-100mV, 

V 0U T = V + 


8.5 

15 


7.5 

15 


mA 


Sink Current 


5.5 



5.5 



mA 

•source 

Output Short Circuit 

Vin = V T R!p + 100mV, 


4.5 

8.0 


4.0 

8.0 


mA 


Source Current 

V 0 UT=V- 

• 

3.2 



3.2 



mA 

•oz 

Three-State Leakage 

DISABLE rV* 



0.005 



0.005 


fiA 


Current 

V ol <Vout£V 0 h 

• 



1 



1 


Ron 

Output Resistance to V 0 h 

|IqutI ^ 100/iA 



260 

400 


260 

475 

fi 




• 



600 



600 

fi 

Rol 

Output Resistance to V 0 l 

|IqutI ^ioo^,a 



100 

150 


100 

180 

fl 




• 



250 



250 

0 


l SET Voltage for Shutdown 


• 

V + - 

0.5 

i 

V + - 

0.5 


V 


DISABLE Input Logic 










V| H 

Levels 

V + = 4.5V,V'=0V 

• 

2.0 



2.0 



V 

V| L 


V + = 5,5V,V~=0V 




0.8 



0.8 

V 


Input Supply Differential 
(V + -V")(Note3) 



4.5 


15 

4.5 


15 

V 


Output Supply Differential 
(Vqh - V 0L ) (Note 3) 


• 

3 


15 

3 


15 

V 
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LTC1045 


AC ELECTRICAL CHARACTERISTICS 

V + = Vqh = 5V, V “ = Vql = OVJa = 25°C unless otherwise specified. 






LTC1045M 

LTC1045C 


SYMBOL 

PARAMETER 

CONDITIONS 


MIN TYP MAX 

MIN TYP MAX 

UNITS 

td 

Response Time 

Test Circuit Figure 1 


200 ' 

250 

ns 



R S Ei = 10k, ±100mV Drive 

• 

350 

350 

ns 

tSETUP 

Time Before Rising Edge of I S et that 
Data Must be Present 

Test Circuit Figure 2 


80 

80 

ns 

tHOLD 

Time After Rising Edge of l SET that 

Data Must be Present 

Test Circuit Figure 2 


0 

0 

ns 

Ucc 

Falling Edge of DISABLE to Logic 

Level (fromHi-Z State) 

Test Circuit Figure 3 


165 

i 

165 

ns 

t|H> tOH 

Rising Edge of DISABLE to Hi-Z 

State 

Test Circuit Figure 3 


200 

200 

ns 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 

Note 2: The maximum differential voltage between any two power pins 
(V + , V', V 0H and V 0L ) must not exceed 18V. The maximum recommended 
operating differential is 15V. 


Note 3: During operation near the maximum supply voltage limit, care 
should be taken to avoid or suppress power supply turn-on and turn-off 
transients, power supply ripple, or ground noise; any of these conditions 
must not cause a supply differential to exceed the absolute maximum 
rating. 


T€ST CIRCUITS 





Conditions: V + =5V, V~ =0V,V OH = 5V, Vql = OV 
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LTC1045 


TVPICAl P€RFORmnnC€ CHARACTERISTICS 


l + vs Temperature 



AMBIENT TEMPERATURE, T A (°C) 



Delay Time vs Rset 


10k 

r set ( fi ) 



Vref vs Temperature 







— 

=5VJ 



■ 



m 

■ 

m 

m 

■ 



m 

■ 























>ET = 1 




m 

m 

' ~ 





■ 















■ 

■ 







-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE, T A (°C) 


Hysteresis vs Rset 



pin DcscRipnon 


Pin 

Name 

Description 

1 

V0H 

High level to which the output 
switches 

2-7 

INPUT 

Six comparator inputs; voltage 
range = V _ to V~ + 18V 

8 

VTRIP2 

Trip point for first four comparators 
(inputs 1 -4); voltage range = V " to 
V+-2V 

9 

Vtripi 

Trip point for last two comparators 
(inputs 5-6); voltage range = V “ to 
V+-2V 

10 

v- 

Low level to which the output switches 


Pin 

Name 

Description 

11 

VOL 

Comparator negative supply 

12 

ISET 

This pin has three functions 


1) Rset from this pin to V" sets bias 
current 

2) When forced to V + power is shut 
off completely 

3) When forced to V + outputs are 
latched 

13 DISABLE When high outputs are Hi-Z 
14-19 OUTPUT Six driver outputs 
20 V + Comparator positive supply 
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LTC1045 


nppucflTions iNFonmnnon 

The LTC1045 consists of six voltage translators and asso- 
ciated control circuitry, see Block Diagram. Each transla- 
tor has a linear comparator input stage with the positive 
input brought out separately. The negative inputs of the 
first four comparators are tied in common to Vjripi and 
the negative inputs of the last two comparators are tied in 
common to Vtrip2- With these inputs the switching point 
of the comparators can be set anywhere within the com- 
mon-mode range of V" to V+-2V. To improve noise 
immunity each comparator has a small built-in hysteresis. 
Hysteresis varies with bias current from 7mV at low bias 
current to 20mV at high bias current (see typical curve of 
Hysteresis vs Rset)- 

Setting the Bias Current 

Unlike CMOS logic, any linear CMOS circuit must draw 
some quiescent current. The bias generator (Block Dia- 
gram) allows the quiescent current of the comparators to 
be varied. Bias current is programmed with an external re- 
sistor (see typical curve of I + vs Rset). As the bias current 
is decreased, the LTC1045 slows down (see typical curve 
of Delay Time vs Rset)- 

Shutting Power Oft and Latching the Outputs 

In addition to setting the bias current, the Iset pin shuts 
power completely off and latches the translator outputs. 
To do this, the Iset pin must be forced to V + -0.5V. As 
shown in Figure 4, a CMOS gate or a TTL gate with a resis- 
tor pull-up does this quite nicely. Even though power is 


turned off to the linear circuitry, the CMOS output logic is 
powered and maintains the output state. With no DC load 
on the output, power dissipation, for all practical pur- 
poses, is zero. 

Latching the output is fast— typically 80ns from the rising 
edge of Iset- Going from the latched to flow through state 
is much slower— typically 1.5/js from the falling edge of 
Iset- This time is set by the comparator’s power up time. 
During the power up time, the output can assume false 
states. To avoid problems, the output should not be con- 
sidered valid until 2*«s to 5/is after the falling edge of Iset- 

Putting the Outputs in Hi-Z State 

A DISABLE input sets the six outputs to a high impedance 
state. This allows the LTC1045 to be interfaced to a data 
bus. When DISABLE = “1” the outputs are high impedance 
and when DISABLE =“0” they are active. With TTL sup- 
plies, V+ = 4.5V to 5.5V and V ‘ = GND, the DISABLE input 
is TTL compatible. 

Power Supplies 

There are four power supplies on the LTC1045: V + , V - , 
Vqh and Vol- They can be connected almost arbitrarily, 
but there are a few restrictions. A minimum differential 
must exist between V + and V - and Voh and Vol. The V + 
to V - differential must be at least 4.5V and the Voh to Vol 
differential must be at least 3.0V. Another restriction is 
caused by the internal parasitic diode D1 (see Figure 5). 


V+ (4.5V TO 15V) 



V+ (4.5V TO 5.5V) 



(B)TTL 


Figure 4. Driving the Iset Fin with Logic 



Figure 5. Output Driver 
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RPPUCRTIORS IRFORRIRTIOR 

Because of this diode, Voh must not be greater than V + . 
Lastly the maximum voltage between any two power sup- 
ply pins must not exceed 15V operating or 18V absolute 
maximum. For example, if V + =5 V, V" or Vol should be 
no more negative than - 10V. Note that Vol should not be 
more negative than - 10V even if the Voh to Vol differen- 
tial does not exceed the 1 5 V maximum. In this case the V + 
to Vol differential sets the limit. 

Input Voltage 

The LTC1045 has no upper clamp diodes as do convention- 
al CMOS circuits. This allows the inputs to exceed the V + 
supply. The inputs will break down approximately 30V 
above the V" supply. If the input current is limited with 
lOOkQ, the input voltage can be driven to at least ±50V 
with no adverse effects for any combination of allowed 



0 2 4 6 8 10 12 14 16 

V + -V 0 H (V) 

Figure 6. Relative Output Sourcing 
Resistance (Rqh) vs V + - Vqh 


power supply voltages. Output levels will be correct even 
under these conditions (i.e., if the input voltage is above 
the trip point, the output will be high and if it is below, the 
output will be low). 

Output Drive 

Output drive characteristics of the LTC1045 will vary with 
the power supply voltages that are chosen. Output 
impedance is affected by V + , Voh and Vol- V - has no ef- 
fect on output impedance. Guaranteed drive characteris- 
tics are specified in the table of electrical characteristics 
for V+=V 0 h = 5V and V=Vol=0V. Figures 6 and 7 
show relative output impedance for other supply combina- 
tions. In general, output impedance is minimized if V + to 
Vqh is minimized and Vqh to Vol is maximized. 



0 2 4 5 6 8 10 12 14 16 

Voh-Vol(V) 

Figure 7. Relative Output Sinking 
Resistance (Rql) vs Vqh - Vql 


TYPICAL APPLICATION 

ECL to CMOS/TLL Logic TTL/CMOS (V C c = 5V) to High Voltage CMOS (V C c = 1 5V) 
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CMOS ANALOG 
SWITCH 
(CD4016 FOR 
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LTC1045 


TVPICHL flPPUCflTIOftS 

TTL/CMOS (V cc = 5V) to + 10V/-5V Clock Driver 


10V 



Logic Ground Isolation when Two Grounds are within LTC1045 Common-Mode Range 

SYSTEM A SYSTEM B 
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TYPICAL APPLICATION 


ECL to CMOS from Single + 5V Supply 
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typical application 


Power MOSFET Driver Low Power Consumption Stepper Motor Driver 


+v M 



10 
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LTC1045 


PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J20 Package Ceramic DIP 



Tjmax 

0ja 

150°C 

70°C/W 



N20 Package Molded DIP 


f 


(26.416) 

MAX 


(6.350 ±0.254) 

L_ 


b 


I 1 I I 2 1 1 3 1 j 4 M 5 ) 1 6 | | 7 | 1 8 | | 9 I 110 1 


(3.302 ±0.127) 
0.020 


0.065 

(1.651) 

I 


(0.508) 1 
MIN 1 

i J 


rj 

Oj 

mnnnnnnJT 

n 

* 

■ 






1 


’ 

0.045-0.065 


0.100 ±0.010 

U. 14 b 

(3.175) 

MIN 

0.065±0.015 

(1.143-1.651) 

0.018±0.003 

(2.540 ± 0.254) 


Tjmax 

Oja 

110°C 

90°C/W 
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LT1080/LT1081 


/T'LiriCAE 

TECHNOLOGY Advanced Low Power 

5V RS232 Dual Driver/ Receiver 


FCATURCS 

■ Absolutely No Latchup 

■ CMOS Comparable Low Power — 60mW 

■ Superior to CMOS 

- Improved Speed - Operates Over 64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 

- Only Needs 1/tF Capacitors 

■ Can Power Additional RS232 Drivers - 10mA 

■ 1/iA Supply Current in Shutdown 

■ Available in SO Package 

■ Available With or Without Shutdown 

APPLICATORS 

■ Portable Computers 

■ Battery Powered RS232 Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


DCSCRIPTIOA 

The LT1080 and LT1081 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. These interface optimized devices provide a real- 
istic balance between CMOS levels of power dissipation 
and real world requirements for ruggedness. The driver 
outputs are fully protected against overload and can be 
shorted to ± 30V. Unlike CMOS, the advanced architecture 
of the LT1080/LT1081 does not load the signal line when 
“shut down” or when power is off. Both the receiver and 
RS232 outputs are put into a high impedance state. An 
advanced output stage allows driving higher capacitive 
loads at higher speeds with exceptional ruggedness 
against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1080/81, the LT1180 and 
LT1181 which use only O.fyF capacitors is also available. 
All of Linear Technology’s RS232 IC’s are available in 
standard surface mount packages. 


TYPICAL APPUCATIOA 



Supply Generator Outputs 



0 2 4 6 8 10 12 14 16 18 20 

OUTPUT CURRENT (mA) 
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LT1080/LT1081 


absolute mnximum ratiags 

Supply Voltage (Vcc) 6V 

V+ 12V 

V- -12V 

Input Voltage 

Driver V~ to V+ 

Receiver - 30V to 30V 

On-Off Pin GNDto 12V 

Output Voltage 

Driver V-+30V to V+ -30V 

Receiver -0.3V to Vcc + 0.3V 

Short Circuit Duration 

V+ 30 Seconds 

V- 30 Seconds 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT 1 080M/LT 1 081 M -55°Cto125°C 

LT1080I/LT1081I -40°Cto85°C 

LT 1 080C/LT 1 08 1 C 0°Cto70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORfflRTIOR 



TOP VIEW 


NC |T 

w 

3D on-dff 

ci + [T 


ID Vcc 

v+ \T 


3D GND 

ci-E 

C2+|T 

LT1080 

3D TR1 OUT 

3D REC1 IN 

C2- (T 


3D REC1 OUT 

v-E 


3D TR1 IN 

TR2 OUT [T 


3D TR2 IN 

REC2 IN £[ 


3D REC2 OUT 

J PACKAGE 

l-LEAD CERAMIC DIP s p ACKAGE 

N PACKAGE 
18-LEAD PLASTIC DIP 


18-LEAD PLASTIC SOL 



TOP VIEW 


C1+ \T 

w 

3D v cc 

v+ [T 


3D gnd 

ci- [T 


3D TR1 OUT 

C2+ [7 


3D REC1 IN 

C2- [7 

LT1081 

3D REC1 OUT 

v- |T 


jD TR1 IN 

TR2 OUT |T 


]D TR2 IN 

REC2 IN [T 


T] REC2 OUT 

J PACKAGE 

16-LEAD CERAMIC DIP „ „ 

S PACKAGE 

N PACKAGE 
16-LEAD PLASTIC DIP 


16-LEAD PLASTIC SOL 


ORDER PART 
NUMBER 


LT1080MJ 
LT1080IJ 
LT 10801 N 
LT1080CJ 
LT1080CN 
LT1080CS 


LT1081MJ 

LT1081IJ 

LT1081IN 

LT1081CJ 

LT1081CN 

LT1081CS 


CUECTRICRl CHARACTERISTICS (Note 1) 


PARAMETER 


CONDITIONS 


MIN 


Driver 


TYP 


MAX 


UNITS 


Output Voltage Swing 

Load = 3k to GND 

Both Outputs. 

Positive 

Negative 

• 

• 

5.0 

-5.0 

7.3 

-6.5 


V 

V 

Logic Input Voltage 

Input Low Level (V 0 ut= High) 

• 


1.4 

0.8 

V 

Level 

Input High Level (V 0 ut= Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V, n >2.0V 


• 


5 

20 

lik 


V, n <0.8V 


• 


5 

20 

nA 

Output Short Circuit 

Sourcing Current, V 0 ut= 

0 V 


7 

12 


mA 

Current 

Sinking Current, V O ut=0V 


-7 

-12 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), V 0 U t= ± 30V 

• 


10 

100 


Slew Rate 

R L = 3kfi, C L = 51 pF 


4 

15 

30 

V/ M s 

Receiver 

Input Voltage Thresholds 

Input Low Threshold, LT1080C, LT1081C 

• 

0.8 

1.3 


V 


LT1080I, M/LT1081I, M 

• 

0.2 

1.3 


V 


Input High Threshold, LT1080C/LT1081C 

• 


1.7 

2.4 

V 


LT1080I, M/LT1081I, M 

• 


1.7 

3.0 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 



3 

5 

7 

kfi 

Output Voltage 

Output Low, I 0 ut= — 1.6mA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160/xA (V cc = 5V) 

• 

3.5 

4.8 


V 

Output Short Circuit 

Sinking Current, V 0 ut = V 

cc 


-10 

-20 


mA 

Current 

Sourcing Current, V 0 ut = 

OV 


0.6 

1 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), 0V 

— V 0 UT ^ V cc 

• 


1 

10 

liA 
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LT 1 080 /LT 1081 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Generator (Note 3) 

V + Output Voltage 

louT = 0mA 



8 

9 


V 


Iout = 10mA 



7 

8 


V 


I 0 ut= 15mA 



6.5 

7.5 


V 

V - Output Voltage 

Iout = OmA 



-7.5 

-8.5 


V 


Iout — - 10mA 



-5.5 

-6.5 


V 


Iqut = -15mA 



-5 

-6 


V 

Supply Current 


• 


12 

22 

mA 

Supply Leakage Current (V cc ) 

SHUTDOWN (Note 2) 

(LT1 080 Only) 

• 

| 1 100 i 

mA 

On-Off Pin Current 

OV<V on . 0 7f<5V 

(LT1 080 Only) 

• 

! ~ 15 


80 


Supply Rise Time 

(Note 4) 

(LT1080 Only) 


i 

ms 


The • denotes specifications which apply over the operating temperature 
range (0°C<T A <70°C for commercial grade, -40°C<T A <85°C for indus- 
trial grade or - 55°C<T A < 125°C for military grade devices). 

Note 1 : These parameters apply for 4.5V < V cc < 5.5V and V 0 n-off = 3V > 
unless otherwise specified. 


Note 2: V on .off = 0.4V for - 55°C <T A < 1 00°C, and V on .qff = 0.2V for 
100 °C<T a < 125°C. (LT1080 only) 

Note 3: Unless otherwise specified, V cc = 5V, external loading of V + and 

V - equals zero and the driver outputs are low (inputs high). 

Note 4: Time from either SHUTDOWN high or power on until V + >6V and 

V ~ < - 6 V. All external capacitors are 1 n F. 


pm Funcuons (Pin numbers refer to LT1080) 

Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 

GND (Pin 16): Ground pin. 

On-Off (Pin 18): Controls the operation mode of the LT1080 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 

V+(Pin 3): Positive supply for RS232 drivers. V+ = 
2Vcc- 15V. Requires an external capacitor (>fyF) for 
charge storage. May be loaded (up to 15mA) for external 
system use. Loading does reduce V+ voltage (see 
graphs). Capacitor may be tied to ground or +5V input 
supply. With multiple transceiver, the V+ and V- pins 
may be paralleled into common capacitors. 

V- (Pin 7): Negative supply for RS232 drivers. V - = 
— (2Vcc - 2.5V). Requires an external capacitor (>fyF) for 
charge storage. May be loaded (up to - 15mA) for external 
system use. Loading does reduce V- voltage (see 
graphs). With multiple transceiver, the V + and V - pins 
may be paralleled into common capacitors. 

TR1 IN;TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc- 


TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc = OV) to allow data line sharing. Outputs are fully 
short circuit protected from V ~ + 30V to V + -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels ( ± 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5kQ. 

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 

Cl + ; Cl ~ ; C2 + ; C2 ~ (Pins 2, 4, 5, 6): Requires an ex- 
ternal capacitor (>fyF) from Cl + to Cl - and another 
from C2+ to C2 — . Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, Cl can be deleted. 
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LT1080/LT1081 


tvpicri p€RFonmnnce characteristics 


Driver Output Voltage 


Supply Generator Outputs 


V CC =5.5V 

ou 

TPUT HIGH 



1 - 

..[ 


LI 

____ 

■Vcc= 





■' ■' 1 


V 

-n = 5.0V 











R. - 







ni- 








V( 

; C = 5.C 

V 



~Vcc= 

4.5V ^ 


LIJ 




F=£= 

- 



. ~ " i 


■Vcc = 

' rrl # 

- 

1 

— - 

■ - 

—'■■■■ ■■ 


ou 

TPUT L 

ow 




0 25 50 75 

TEMPERATURE (°C) 



Supply Generation from Vqc 
or Shutdown 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
TIME (ms) 


Receiver Input Thresholds 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Receiver Output Short 
Circuit Current 



TEMPERATURE (°C) 



0 1 2 3 4 5 

INPUT VOLTAGE (V) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current in Shutdown 



TEMPERATURE (°C) 


Driver Output Leakage 
in Shutdown 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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LT 1 080 /LT 1081 


TYPICAL PCRFOBmnnCC CHARACTERISTICS 


Output Waveforms 


Shutdown to Driver Output 


Shutdown to Receiver 
Output 



0 2ns AfiS 6/iS 8/iS 


DRIVER 

OUTPUT 


DRIVER 

OUTPUT 

ON-OFF 

INPUT 


10V 
5V 
OV 
0 V 
— 5V 
-10V 
5V 
OV 



0 1ms 2ms 3ms 4ms 


6V 

RECEIVER 4V 
OUTPUT' 2V 
.OV 

ON-tiFF [ 5V 
INPUT l OV 



0 1ms 2ms 3ms 4ms 


TYPICAL APPUCATIOA 


Supporting an LT1 039 (Triple Driver/Receiver) 



RS232 OUT 

RS232 OUT 

RS232 OUT 

RS232 IN 

RS232 IN 

RS232 IN 


*IN APPLICATIONS WHERE A SEPARATE SECOND POSITIVE SUPPLY IS AVAILABLE (SUCH AS +5V 
AND + 12V), THE +12V SUPPLY MAY BE CONNECTED TO PIN 2 AND Cl DELETED. THE POWER 
SUPPLY CIRCUITRY WILL THEN INVERT THE +12V SUPPLY. THE +5V SUPPLY IS STILL NEEDED 
TO POWER THE BIASING CIRCUITRY AND RECEIVERS. 


u\m 
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LT 1 080 /LT 1081 


Appucnnon hihts 

The driver output stage of the LT1080 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to ± 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


Placing the LT1080 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops input supply current 
(V C c; Pin 17) to zero for power-conscious systems. 


LT1080/LT1081 Driver 


Transceiver 



EXTERNALLY 


Older RS232 Drivers and CMOS Drivers 


v+ 


A i. WITH SOME DRIVERS, 

EXTERNALLY APPLIED 

VOLTAGE CAN FORCE 
1 r THE SUPPLIES 


v- 


LT 1 080 #1 
DRIVER 




RS232 

TRANSMIT/RECEIVE 

LINE 


Sharing a Receiver Line 


Sharing a Transmitter Line 


LT 1 080 #1 
RECEIVER 



LT 1 080 #1 
DRIVER 



RS232 

TRANSMISSION 

LINE 
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LT 1 080 /LT 1081 


flPPUCATIOfl HlftTS 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


V CC 



To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 


RECEIVER 


RS232 

INPUT 


Ikfi* 

-WSr 


*A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN ± 100V 




LOGIC 

OUTPUT 


The generated driver supplies (V + and V - ) may be used 
to power external circuitry such as other RS232 drivers or 
op amps. They should be loaded with care, since exces- 
sive loading can cause the generated supply voltages to 
drop causing the RS232 driver output voltages to fall be- 
low RS232 requirements. See the graph “Supply Generator 
Outputs” for a comparison of generated supply voltage 
versus supply current. 


LT1080 EXTERNAL OP AMP 



typical RppucflTion 

Operating with 5V and 12V 



rrunm 
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LT 1080/111 081 

PACKAGE DESCRIPTOR Dimensions in inches (millimeters) unless otherwise noted. 


J16 Package Ceramic DIP 



N16 Package Plastic DIP 



J18 Package Ceramic DIP 



N18 Package Plastic DIP 



LT1080CN/IN 125°C 120°C/W 50°C/W 
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F€ATUA€S 

■ Operates on Single 5V Power Supply 

■ Generates ±9V Supplies with Only 1/iF Capacitors 

■ Fully Protected Against Output Overloads 

■ RS232 Outputs can be Forced ± 30V without Damage 

■ Three-state Outputs are High Impedance when Off 

■ Bipolar Circuitry; No Latch Up 

■ ± 30V Receiver Input Range 

■ Can Power Additional RS232 Drivers such as LT1 039 

■ No Supply Current in Shutdown 

■ Meets All RS232 Specifications 

■ 16 Pin Version without Shutdown Available 

AAPLICATIOAS 

■ RS232 Interface 

■ Battery Powered Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


TYPICAL APPLICATION 


LT1080CS/LT1081CS 

5V Powered RS232 Driver/ 
Receiver with Shutdown 

D6SCRIPTIOA 

The LT1080 is a dual RS232 driver/receiver which includes 
a capacitive voltage generator to supply RS232 voltage 
levels from a single 5 V supply. Each receiver will accept 
up to ± 30V input and can drive either TTL or CMOS logic. 
The RS232 drivers accept logic inputs and output RS232 
voltage levels. The driver outputs are fully protected 
against overload and can be shorted to ground or up to 
± 30V without damage. Additionally, when the system is 
in the SHUTDOWN mode the driver and receiver outputs 
are at a high impedance allowing data line sharing. Bipo- 
lar circuitry makes this driver/receiver exceptionally 
rugged against overloads or ESD damage. 

The power supply generator doubles the 5V input supply 
to obtain 9V, and then inverts the 9V to obtain -8.5V. Up 
to 15mA of external current is available to power additonal 
RS232 drivers or other external circuitry. The SHUTDOWN 
mode disables the supply generators and reduces input 
supply current to zero. A version of the LT1 080, the LT1 081 , 
is available without shutdown for 16 pin applications. 



Supply Generator Outputs 



0 2 4 6 8 10 12 14 16 18 20 

OUTPUT CURRENT (mA) 


10 
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LT1080CS/LT1081CS 


absolute mnximum ratiags 


PACKAGE/ORDER IRFORfflATlOA 


Supply Voltage (Vcc) 

6V 

V+ 

12V 

v- 

-12V 

Input Voltage 

Driver 

V- to V + 

Receiver 

-30V to 30 V 

On-Off Pin 

GNDto 12V 

Output Voltage 

Driver V 

- + 30V to V + - 30V 

Receiver 

-0.3V to Vcc + 0.3V 

Short Circuit Duration 

V+ 

30 Seconds 

v- 

30 Seconds 

Driver Output 

Indefinite 

Receiver Output 

Indefinite 

Operating Temperature Range 

LT1080C 

0°C to 70°C 

Guaranteed Functional 

.... -25°Cto85°C 

Lead Temperature (Soldering, 10 sec.) 

300°C 



TOP VIEW 


ORDER PART 

NC |T 

C1 + [T 
V+ [T 

ci- [7 

C2+JT 

C2-JT 

v-E 

TR2 OUT (T 
REC2 IN [7 



l8l ON-OFF 

ID Vcc 

Tel GND 

7] TR1 OUT 

T71 REC1 IN 

TTj REC1 OUT 

NUMBER 


LT1080 

LT1080CS 



TFI TR1 IN 

Til TR2 IN 

To] REC2 OUT 

PART MARKING 



LT1080CS 


SI 8 PACKAGE 
PLASTIC SOL 




TOP VIEW 


ORDER PART 

ci+ [T 



TTJ v C c 

NUMBER 

v+ [7 
ei- JT 

C2+ [7 
C2~ [7 


LT1081 

7] GND 

7] TR1 OUT 

71 REC1 IN 

7] REC1 OUT 

LT1081CS 

v- [7 

TR2 OUT \T 



TT] TR1 IN 

Tol TR2 IN 

PART MARKING 

REC2 IN |7 



7] REC2 OUT 

LT1081CS 


SI 6 PACKAGE 
PLASTIC SOL 



ELECTRICAL CHARACT€RISTICS (Note 1) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Driver 


Output Voltage Swing 

Load = 3k to GND 

Both Outputs. 

Positive 

Negative 

• 

• 

5.0 

-5.0 

7.3 

-6.5 


V 

V 

Logic Input Voltage 

Input Low Level (V 0UT = High) 

• 


1.4 

0.8 

V 

Level 

Input High Level (V 0UT = Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V, n >2.0V 


• 


5 

20 

/iA 


V )N <0.8V 


• 


5 

20 

/lA 

Output Short Circuit 

Sourcing Current, V 0 ut =i 

OV 


7 

12 


mA 

Current 

Sinking Current, Vqut = 0V 


-7 

-12 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), V 0U t = ± 30V 

• 


10 

100 

fA 

Slew Rate 

R L = 3kQ, C L = 51pF 


4 

15 

30 

V/ M s 

Receiver 

Input Voltage Thresholds 

Input Low Threshold, (V 0UT = High) 

• 

0.2 

1.3 


V 


Input High Threshold, (V 0 ut = Low) 

• 


1.7 

3.0 

V 

Hysteresis 


• 

0.1 

0.4 

TO 

V 

Input Resistance 


i 

3 

5 

7 

kfl 

Output Voltage 

Output Low, l 0UT = - 1.6mA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160^A (V cc = 5V) 

• 

3.5 

4.8 


V 

Output Short Circuit 

Sinking Current, V 0UT =V CC 


-10 

-20 


mA 

Current 

Sourcing Current, V 0 ut= 

OV 


0.6 

1 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), 0V: 

- Vqut— V CC 

• 

1 10 

fA 
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LT1080CS/LT1081CS 


cucrmcm. characteristics (Note 1) 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Power Supply Generator (Note 3) 

V + Output Voltage 

Iout = 0mA 


8 9 

V 


Iout = 10mA 


7 8 

V 


Iqut= 15mA 


6.5 7.5 

V 

V~ Output Voltage 

iouT = 0mA 


r -7.5 -8.5 ^ 

V 


Iout = ~ 10mA 


-5.5 -6.5 

V 


Iout = -15mA 


-5 -6 

V 

Supply Current 


• 

10 22 

mA 

Supply Leakage Current (V cc ) 

SHUTDOWN (Note 2) (LT1080 Only) 

• 

1 100 

pA 

On-Off Pin Current 



0V<V on .6ff<5V (LT1080 Only) 

• 

-15 80 

pA 

Supply Rise Time 

(Note 4) 


1 

ms 


The 9 denotes specifications which apply over the operating temperature 
range (0°C<T A <70°C).The LT1080/LT1081 is guaranteed functional by de- 
sign for -25 °C<T a <85°C. 

Note 1 : These parameters apply for 4.5V < V cc < 5.5V and V on .qff = 3V, 
unless otherwise specified. 


Note 2: V on .off = 0-4V. (LT1080 only) 

Note 3: Unless otherwise specified, V C c = 5V, external loading of V + and 

V _ equals zero and the driver outputs are low (inputs high). 

Note 4: Time from either SHUTDOWN high (LT1080 only) or power on until 

V + >6 V and V - < - 6V. All external capacitors are ty F. 


pm FuncTions 

Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 

GND (Pin 16): Ground pin. 

On-Off (Pin 18): Controls the operation mode of the LT1080 
and is TTL /CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 

V+(Pin 3): Positive supply for RS232 drivers. V+ = 
2Vcc-1.5V. Requires an external capacitor (>1pF) for 
charge storage. May be loaded (up to 15mA) for external 
system use. Loading does reduce V+ voltage (see 
graphs.) 

V - (Pin 7): Negative supply for RS232 drivers. V~* 
— (2Vcc - 2.5V). Requires an external capacitor (>1 /jF) for 
charge storage. May be loaded (up to - 15mA) for external 
system use. Loading does reduce V- voltage (see 
graphs). 

TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc- 


TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc=0V) to allow data line sharing. Outputs are fully 
short circuit protected from V~ +30VtoV+ -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. 

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels ( ± 30 V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5kQ. 

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 

Cl +; Cl ~; C2+; C2 _ (Pins 2, 4, 5, 6): No user applica- 
tions. Requires an external capacitor (>1/iF) from Cl + to 
Cl ~ and another from C2 + to C2 - . 


jnruf itAB 
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LT1130 Series 


F€ATUft€S 

■ Absolutely No Latchup 

■ CMOS Comparable Low Power - 80mW 
* Operates from a Single 5V Supply 

■ Superior to CMOS 

- Easy PC Layout - Flow Through Architecture 

- Improved Speed — Operates Over64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 

- Only Needs 1 /jF Capacitors 

- Output Overvoltage Does Not Force Current Back Into 
Supplies 

■ 1/jA Supply Current in Shutdown 

■ Available in SO Package 


Advanced Low Power 
5V RS232 Drivers/ Receivers 
with Charge Pump 

DCSCRIPTIOA 

The LT1130 Series are the only RS232 drivers/receivers 
with charge pump to guarantee absolutely no latchup. 
These interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1130 does not load the signal line when “shut down” or 
when power is off. Both the receiver and RS232 outputs 
are put into a high impedance state. An advanced output 
stage allows driving higher capacitive loads at higher 
speeds with exceptional ruggedness. 

For applications requiring only 2 drivers and 2 receivers 
with charge pump in one package see the LT1180 Series 
data sheet. All of Linear Technology’s RS232 IC’s are avail- 
able in standard surface mount packages. 


Basic Operation 


Output Waveform 


T 


TO 

LINE 


vf: 


VF 5V V CC -m 
3 

DRIVER OUT [T 
RX IN [IT 
DRIVER OUT [7 
RX IN [7 
DRIVER OUT [7 
RX IN Qo 
DRIVER OUT [7T 
RX IN [7 
DRIVER OUT [TI 
RX IN [H 




25| DRIVER IN 
24] RX OUT 
23] DRIVER IN 
22] RX OUT 
2?] DRIVER IN 
H RX OUT 
19] DRIVER IN 
Ta\ RX OUT 

73 driver IN 

16] RX OUT 
Hh^JGROUND 


TO 

LOGIC 



LT1130 5-Driver/5-Receiver RS232 Transceiver 

LT1131 5-Driver/4-Receiver RS232 Transceiver w/Shutdown 

LT1132 5-Driver/3-Receiver RS232 Transceiver 

LT1133 3-Driver/5-Receiver RS232 Transceiver 

LT11 34 4-Driver/4-Receiver RS232 Transceiver 

LT1135 5-Driver/3-Receiver RS232 Transceiver w/o Charge Pump 


LT 11 36 4-Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT1137 3-Driver/5-Receiver RS232 Transceiver w/Shutdown 
LT 1138 5- Driver/3- Receiver RS232 Transceiver w/Shutdown 
LT1139 4-Driver/4-Receiver RS232 Transceiver w/Shutdown 
LT1140 5- Driver/3- Receiver RS232 Transceiver w/o Charge Pump 
LT1141 3-Driver/5-Receiver RS232 Transceiver w/o Charge Pum^. 


XTUDS3K 
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LT1130 Series 


absoiutc maximum raimgs 

Supply Voltage (Vcc) 6V 

V+ 13.2V 

V- -13.2V 

Input Voltage 

Driver V- to V+ 

Receiver -30V to 30V 

On-Off Pin GNDto 12V 

Output Voltage 

Driver V- +30Vto V+ - 30V 

Receiver - 0.3V to Vcc + 0.3V 


Short Circuit Duration 

V+ 30 Seconds 

V- 30 Seconds 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

Military (LT113XM/LT114XM) -55°Cto 125°C 

Industrial (LT1 13XI/LT114XI) -40°Cto85°C 

Commercial (LT1 1 3XC/LT 1 1 4XC) 0°C to 70°C 


PRODUCT S€l€CTION TABIC 


Part Number 

Power Supply Voltages* 

Shutdown 

Drivers 

Receivers 

External Components 

LT1130 

+ 5 

No 

5 

5 

4 Capacitors 

LT1131 

+ 5 

Yes 

5 

4 

4 Capacitors 

LT1132 

+ 5 

No 

5 

3 

4 Capacitors 

LT1133 

+ 5 

No 

3 

5 

4 Capacitors 

LT1134 

+ 5 

No 

4 

4 

4 Capacitors 

LT1135 

+ 5, +12, -12 

No 

5 

3 

None 

LT1136 

+ 5 

Yes 

4 

5 

4 Capacitors 

LT1137 

+ 5 

Yes 

3 

5 

4 Capacitors 

LT1138 

+ 5 

Yes 

5 

3 

4 Capacitors 

LT1139 

+ 5, +12 

Yes 

4 

4 

2 Capacitors 

LT1140 

+ 5, +12, -12 

Yes 

5 

3 

None 

LT 11 41 

+ 5, +12, -12 

Yes 

3 

5 

None 


*The LT1130, LT1131, LT1132, LT1133, LT1134, LT1136, LT1137, and LT1138 can operate with + 5V and + 12V supplies and two external capacitors. 


PACKAGC/ORDCR lAFORfflATlOA 


v+ [7 
5 V Vcc U 
C1+ {7 
ci- (T 

DRIVER OUT |T ■ 
RX IN [F ■ 
DRIVER OUT [7 ■ 
RX IN 
DRIVER OUT [Tl- 
RX IN 


5-DRIVER/5-RECEIVER 

TOP VIEW 

T C7' 


LT1130 



DRIVER OUT [TT - 
RX IN []2 - 
DRIVER OUT [13 - 
RX IN |]4 - 


28j V- 
27jC2- 

UC2 + 

25j DRIVER IN 
>o- 24] RX OUT 
0<J- 1 DRIVER IN 
->0- |U RX OUT 
DRIVER IN 
RX OUT 

0<J-|1 DRIVER IN 


i — >°-l! 
J | oO-l 


Jj >0-p RX OUT 


J r-°<3-ia 


DRIVER IN 
RX OUT 
GROUND 


J PACKAGE S PACKAGE N PACKAGE 

28-LEAD CERAMIC DIP 28-LEAD PLASTIC SOL 28-LEAD PLASTIC DIP 
(.600 "WIDE) ( 600 "WIDE) f 600" WIDE) 


ORDER PART 
NUMBER 


LT1130MJ 

LT1130CJ 

LT1130CN 

LT1130IJ 

LT1130IN 

LT1130CS 


5-DRIVER/4-RECEIVER WITH SHUTDOWN 

TOP VIEW 


V+[7 
5VVccU 
C1 + QT 

ci-[7 

DRIVER OUT [7 ■ 

RX IN [T — r 
DRIVER OUT [7 — I 


LT1131 


1 v- 

27] C2~ 

13 C2 + 

-O^- |3 DRIVER IN 
->0- |3 RX OUT 
O^- |3 DRIVER IN 



DRIVER OUT [TT - 
RX IN Q7 — 
DRIVER OUT Q3 - 
ON/OFF [T7 


| >0-1 

r — in driver 

-1 1 — >o- ?3 RX OUT 
— J r-o^- 1 DRIVER IN 
1 1 GROUND 

m 


J PACKAGE S PACKAGE N PACKAGE 

28-LEAD CERAMIC DIP 28-LEAD PLASTIC SOL 28-LEAD PLASTIC DIP 
(.600 "WIDE) (.600 "WIDE) (.600" WIDE) 


ORDER PART 
NUMBER 


LT1131MJ 

LT1131CJ 

LT1131CN 

LT1131IJ 

LT1131IN 

LT1131CS 
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□"1130 Series 


PflCKRG€/ORD€R IRFORfllRTIOn 

I 5-DRIVER/3-HECEIVER | ORDER PART 

TOP VIEW 


Cl - [4 
DRIVER OUT [T 
DRIVER OUT [7 
RX IN ^ 
DRIVER OUT [7 
ORIVER OUT [7 
RX IN [To 
DRIVER OUT [77 
RX IN [77 


J PACKAGE 

24-LEAD CERAMIC DIP 
( 300 "WIDE) 


S PACKAGE 
24-LEAD PLASTIC SOL 
( 300 "WIDE) 


N PACKAGE 
24-LEAD PLASTIC DIP 
( 300 "WIDE) 


3-DRIVER/5-RECEIVER 


1 ™? 23 v ' 



W _ 

23] C2 — 


SVVccU 

LTII33 — 

23 

22 ] C2 + 

LT1132MJ 

ci+E 

22 

■ - CK^- 2l] DRIVER IN 

LT1132CJ 

ci- [7 

| ^ 

J| O^- 20| DRIVER IN 

_J| | s > 0 - 71 RX OUT 

LT1132CN 

DRIVER OUT [7 
RX IN Q[ 

J | [>0 20 

-*r— o<J 75 

[ — 1. O^- 75] DRIVER IN 

LT1132IJ 

DRIVER OUT \T 

-J| |>o78 

[ — — o<|- 77| driver IN 

LT1132IN 

RX IN [7 

J I— >>3z 

[ * 1 — 75] RX OUT 

0 l__oXL J 5 ] driver IN 

LT1132CS 

RX IN Q[ 

!| [>0 16 

7 lr-[>0 73 RX OUT 


RX IN ^0 
DRIVER OUT [77 

— *] — O< 0 ' H 

2 4 73 GROUND 


RX IN {77 

1 73 


J PACKAGE 
24-LEAD CERAMIC DIP 
(.300 "WIDE) 


2l] DRIVER IN 
20J RX OUT 
19] DRIVER IN 

75] RX OUT 
77] RX OUT 

16] RX OUT 
75] DRIVER IN 
77] fix OUT 

U GROUND 


S PACKAGE 
24-LEAD PLASTIC SOL 
(.300 "WIDE) 


N PACKAGE 
24-LEAD PLASTIC DIP 
(.300 "WIDE) 


ORDER PART 
NUMBER 


LT1133MJ 

LT1133CJ 

LT1133CN 

LT1133IJ 

LT1133IN 

LT1133CS 


4-DRI VER/4-R EC El VER 

TOP VIEW 


mm 


J PACKAGE 

24-LEAD CERAMIC DIP 
( 300 "WIDE) 


m 

Si 

Be 

Si 

Si 

Me 


S PACKAGE 
24-LEAD PLASTIC SOL 
( 300 "WIDE) 


N PACKAGE 
24-LEAD PLASTIC DIP 
(.300 "WIDE) 


4-DRIVER/5-RECEIVER WITH SHUTDOWN 

TOP VIEW 


C2 + 

DRIVER IN 
RX OUT 
DRIVER IN 
RX OUT 
DRIVER IN 
RX OUT 
DRIVER IN 
18] RX OUT 
77] RX OUT 
J 6 ] GROUND 


DRIVER OUT 
RX IN 
DRIVER OUT 
RX IN 
DRIVER OUT 
RX IN 
DRIVER OUT [1U- 
RX IN [72 - 
RX IN |l3 - 
ON/OFF [l4 

J PACKAGE 

28-LEAD CERAMIC DIP 
(.600 "WIDE) 



S PACKAGE 
28-LEAD PLASTIC SOL 
(600 "WIDE) 


N PACKAGE 
28-LEAD PLASTIC DIP 
( 600 "WIDE) 


LT1134MJ 

LT1134CJ 

LT1134CN 

LT1134IJ 

LT1134IN 

LT1134CS 


LT1136MJ 

LT1136CJ 

LT1136CN 

LT1136IJ 

LT1136IN 

LT1136CS 


5-0RIVER/3-RECEIVER 
WITHOUT CHARGE PUMP 

TOP VIEW 


m 

Sli 

Egji 
fSSS 

Hi 


J PACKAGE 

20-LEAO CERAMIC DIP 
(.300 "WIDE) 


S PACKAGE 
20-LEAD PLASTIC SOL 
( 300 "WIDE) 


N PACKAGE 
20-LEAD PLASTIC DIP 
(.300 "WIDE) 


LT1135MJ 

LT1135CJ 

LT1135CN 

LT1135IJ 

LT1135IN 

LT1135CS 



LT1137MJ 

LT1137CJ 

LT1137CN 

LT 11 371 J 

LT1137IN 

LT1137CS 


rruum 
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LT1130 Series 


PRCKAGC/ORDCR IRf ORfflRTIOfl 


5-DRIVER/3-RECEIVER WITH SHUTDOWN 

TOP VIEW 


v+ \T 

5 VV CC U 

C1+ U 
ci- |T 
DRIVER OUT [7 ■ 
DRIVER OUT [7 ■ 
RX IN [7 ■ 
DRIVER OUT [7 
RX IN (T 
DRIVER OUT (7- 
RX IN [TT- 
DRIVER OUT [7 ■ 
ON/OFF [7 

E 


LT1138 




i — °<3"P 
Ji — 


28] V- 
27] C2- 
26] C2 + 

-O^- 25] DRIVER IN 
-O^- 24] DRIVER IN 
-^O- 23] RX OUT 
-0<J- 22] DRIVER IN 
■^0-2?] RX OUT 
DRIVER IN 
^0-7] RX OUT 
0<J- 7| DRIVER IN 
7] GROUND 

a 

u 


J PACKAGE N PACKAGE 

28-LEAD CERAMIC DIP S PACKAGE 28-LEAD PLASTIC DIP 
(.600 " WIDE) 28-LEAD PLASTIC SOL (- 600 " WIDE ) 

( 600 "WIDE) 


ORDER PART 
NUMBER 


LT1138MJ 

LT1138CJ 

LT1138CN 

LT1138IJ 

LT1138IN 

LT1138CS 


4-DRIVER/4-RECEIVER WITH SHUTDOWN 
WITH + 12V AND +5V SUPPLIES 


[I 

5V v cc E 
12V INPUT [7 
DRIVER OUT [7 
RX IN [7 
DRIVER OUT (7 
RX IN (7 
DRIVER OUT [7 
RX IN [7 
DRIVER OUT |jo 
RX IN |T? 
ON/OFF [I 


TOP VIEW 

— 77 — 




24] v- 
23] c- 
22] C + 

7] DRIVER IN 
20] RX OUT 
7] DRIVER IN 
7] RX OUT 
7] DRIVER IN 
7) RX OUT 
7] DRIVER IN 
7] RX OUT 
7] GROUND 


J PACKAGE N PACKAGE 

24-LEAD CERAMIC DIP S PACKAGE 24-LEAD PLASTIC DIP 
(.300" WIDE) 24-LEAD PLASTIC SOL (.300 "WIDE) 

( 300 "WIDE) 


ORDER PART 
NUMBER 


LT1139MJ 

LT1139CJ 

LT1139CN 

LT1139IJ 

LT1139IN 

LT1139CS 


5-DRIVER/3-RECEIVER 
WITHOUT CHARGE PUMP 

TOP VIEW 

12V V+ [7 ^ Nil -12V V- 

ZZ LT1140 ^ 

5V V CC [I 


DRIVER OUT [ 
DRIVER OUT [ 
RX IN [ 
DRIVER OUT [ 
DRIVER OUT [ 
RX IN [ 


U I 0<J-1 

d — °<H3 
E J 1 — > 0 ! 
r? 4 — cxft-Ti 


RX IN (71 

ON/OFF m 


E— 

H — 'r^l 

f7 1 1 — T^>o 71 


DRIVER OUT [To l |-£>0 HD RX 0UT 

j rn — 1 71 g 


] DRIVER IN 
] DRIVER IN 
] RX OUT 
] DRIVER IN 
] DRIVER IN 
] RX OUT 
] DRIVER IN 


LT1140MJ 

LT1140CJ 

LT1140CN 

LT1140IJ 

LT1140IN 

LT1140CS 


3-DRIVER/5-RECEIVER 
WITHOUT CHARGE PUMP 

TOP VIEW 

12VV+0] [ 24 ] — 1 2V V - 

LT1141 1 


5V V CC E] 


GROUND 


RX IN |7l 
ON/OFF (7j 


RX IN 
DRIVER OUT 
RX IN 
DRIVER OUT 

RX IN E 

DRIVER OUT E *r“^0 7] RX OUT 

RX IN [7 1|-{>0 7] RX OUT 

17 1 71 


E J i — [>>i 

e J i — o<a 

E {><>1 

17 — I. — o<f1-7l 


RX OUT 
DRIVER IN 
RX OUT 
DRIVER IN 
RX OUT 


l| — 0^-7] DRIVER IN 

■ 1 . — fSo- ii 


7] GROUND 

1 


J PACKAGE N PACKAGE 

24-LEAD CERAMIC DIP s PACKAGE 24-LEAD PLASTIC DIP 
(.300" WIDE) 24-LEAD PLASTIC SOL (.300"WIDE) 

I 300 "WIDE) 


J PACKAGE N PACKAGE 

24-LEAD CERAMIC DIP s PACKAGE 24-LEAD PLASTIC DIP 
(.300 " WIDE) 24-LEAD PLASTIC SOL ( 300 " WIDE ) 
(.300 "WIDE) 


LT1141MJ 

LT1141CJ 

LT1141CN 

LT1141IJ 

LT1141IN 

LT1141CS 


For 2-Driver/2-Receiver devices, see LT1080/81 and LT1180/81 data sheet. 


€l€CTMCAl CHARACTERISTICS (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Any Driver 

Output Voltage Swing 

Load = 3ktoGND 

Positive 


5.0 

7.3 


V 



Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage 

Input Low Level (V 0UT = High) 

• 


1.4 

0.8 

V 

Level 

Input High Level (V 0 uj= Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

0.8V<V| N <2,0V 

• 


5 

20 

jiA 

Output Short Circuit Current 

£ 

II 

H- 


12 

mA 

Output Leakage Current 

SHUTDOWN (Note 2), V 0UT = ± 30V (Note 3) 

• 


10 

100 


Slew Rate 

R L =3k8,C L =51pF 


4 

15 

30 

V//4 s 
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LT1130 Series 


€l€CTRICfil CHARACTERISTICS (Note 1) 


PARAMETER 

; CONDITIONS 


MIN 

TYP 

MAX 

UNITS 

Any Receiver 

Input Voltage Thresholds 

Input Low Threshold, (V 0 ut = High) 


0.8 

1.3 


V 


Input High Threshold, (V 0 ut= Low) 



1.7 

2.4 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 



3 

5 

7 

kO 

Output Voltage 

Output Low, I 0 ut= -1.6mA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160/tA (V C c= 5V) 

• 

i 

3.5 

4.8 


V 

Output Short Circuit 

Sinking Current, V 0 ut = V cc 

! 

-10 

-20 


mA 

Current 

Sourcing Current, V 0UT = 0V 

! 

0.4 

1 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), 0 V < V 0UT < V cc 

• 


1 

10 


Power Supply Generator 

V + Output 

! 



8 


V 

V Output 

1 



-7.5 


V 

Supply Current 

! 

1 


17 

27 

mA 

Supply Leakage Current 

SHUTDOWN, -55°C<T a <125°C 

• 


1 

100 

/*A 


SHUTDOWN, 0°C<T a <70°C 

• 


1 

10 

„A 

Supply Rise Time 

SHUTDOWN To Turn On 


j 2 i 

ms 

On/Off Pin Current 

SHUTDOWN, 0V<V on/ off<5V 

• 

I -15 


80 | 

/•A 


The • denotesthe specifications which applyover the full operating temp- Noiefc V O n/offs0.1V 

erature range. (0°C<T A <70°C for commercial grade, - 40°C<T A <85°C for Note 3: For LT1 139, 40, and 41 with 12V supplies, Vow leakage is 2«VA and 

industrial grade, and - 55°C < T A < 1 25°C for military grade). Vqut is forced to ± 25 V. 

Note 1: Testing done at Vcc = 5V and Vqn/off = 3V 


pm Funcnons 

Vcc: Input supply pin. Supply current drops to zero in the 
SHUTDOWN mode. 

GND: Ground pin. 

On/Off: Controls the operation mode of the device and is 
TTL/CMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply current to 
zero and places both driver and receiver outputs in a high 
impedance state. A logic high fully enables the device. 

V+: Positive supply (RS232 drivers). V+ * 2Vcc-1.5V. 
Requires an external capacitor (>1/tF) for charge storage. 
Capacitor may be tied to ground or + 5V input supply. V + 
voltage is short circuit proof for 30 seconds. With multiple 
transceivers, the V + and V - pins may be paralleled into 
common capacitors. 

V ~ : Negative supply (RS232 drivers). V - * - (2Vcc - 2.5V). 
Requires an external capacitor (>1/iF) for charge storage. 


Loading does reduce V - voltage. V - is short circuit proof 
for 30 seconds. With multiple transceivers, the V + and V - 
pins may be paralleled into common capacitors. 

DRIVER IN: RS232 driver input pins. Inputs are TTL/CMOS 
compatible. Inputs should not be allowed to float. Tie 
unused inputs to Vcc- 

DRIVER OUT: Driver outputs with RS232 voltage levels. 
Outputs are in a high impedance state when in the SHUT- 
DOWN mode or when power is off (Vcc = 0V) to allow data 
line sharing. Outputs are fully short circuit protected from 
V - + 30V to V + - 30V with power on, off, or in the SHUT- 
DOWN mode. Typical output breakdowns are greater than 
± 45V and higher applied voltages will not damage the 
device if moderately current limited. Although the outputs 
are protected, short circuits on one output can load the 
power supply generators disrupting the signal level from 
other outputs. 


umm 
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LT1130 Series 


RX IN: Receiver inputs. Accepts RS232 voltage levels 
{ ± 30V) and has 0.4V of hysteresis to provide noise 
immunity. Input impedance is nominally 5kG. 

RX OUT: Receiver outputs with TTL/CMOS voltage levels. 
Outputs are in a high impedance state when in the SHUT- 
DOWN mode to allow data line sharing. Outputs are fully 
short circuit protected to ground or Vcc with power on, off, 
or in the SHUTDOWN mode. 


Cl +; Cl C2+; C2~: Requires an external capacitor 
( > 1 fiF) from Cl + to Cl — and another from C2 + to C2 — . 
In applications where larger positive voltages are avail- 
able, such as + 12V, Cl can be eliminated and the positive 
voltage connected directly to the Cl + terminal. 


TVPICAl P€RFOAfimnC€ CHARACTCRISTICS 


Driver Output Voltage 


V CC = 5.5V 

OU 

TPUTh 

IGH 



— ^ - - 

____ 



1! 

_____ _ 

-v cc = 


“ 



1 

— — — 


V 

X=5.C 

V 











■ Ri 













~Vcc= 


V( 

X=5.C 

iv ! 



4.5V ~ 







[-■ 

- 


] 



“Vcc = 

' ' 

*"' ' ' 



— — - 1 


; 5.5V _ 

OU 

TPUTL 

ow 




-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Generation from Vcc 
or Shutdown 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
TIME (ms) 


Receiver Input Thresholds 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Receiver Output Short 
Circuit Current 




0 1 2 3 4 5 

INPUT VOLTAGE (V) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


10-60 


XTUQSS 







LT1130 Series 


TYPICAL P€RFORmnnC€ CHARACTCRISTICS 


Supply Current in Shutdown 


Driver Output Leakage 
in Shutdown 





-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Waveforms 


Shutdown to Driver Output 


Shutdown to Receiver 
Output 


DRIVER 

OUTPUT 


5 V 
0 V 
— 5V 


RECEIVER f 5V 
OUTPUT l OV 


INPUT 


5V 

OV 



DRIVER 

OUTPUT 


DRIVER 

OUTPUT 


' 10V 
5V 
> OV 

r ov 

-5V 
l -10V 


ON-OFF r 5V 
INPUT l OV 



RECEIVER 

OUTPUT 


ON-OFF ' 
INPUT 



0 2/«s 4/iS 6/iS 8/xS 


0 1ms 2ms 3ms 4ms 


0 1ms 2ms 3ms 4ms 


APPLICATIOA MATS 

The driver output stage of the LT1130 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to +30V with no damage or excessive cur- 


rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


LT1 130 Driver 


Older RS232 Drivers and CMOS Drivers 


[> 

^ DC 


OUTPUT CAN 
BE FORCED 
EXTERNALLY 


1 


±30V 

OVERVOLTAGE 


V + 



WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


v- 


/yurm 

JtkmF TECHNOLOGY 


10-61 






□"1130 Series 


AmiCflTIOn HIATS 


Placing the LT1130 type device in the SHUTDOWN mode 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops input supply current to 
zero for power-conscious systems. 


Transceiver 



INPUT 


RS232 

TRANSMIT/RECEIVE 

LINE 


Sharing a Receiver Line 



INPUT 


RS232 

TRANSMISSION 

LINE 


Sharing a Transmitter Line 


j *1 RECEIVER | 



When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 


Vcc 



To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 



*A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN ±100V 


LOGIC 

OUTPUT 
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LT1130 Series 






LT1130 Series 


2500V Isolated 5-Driver/5-Receiver RS232 Transceiver 


MIIB19n PULSE ENGINEERING 
MUR1 20 #PE . 6 3394 


SYSTEM SUPPLY 
V, n =3.5V-15V 


Imi 


•i = SYSTEM GROUND 
rh = FLOATING COMMON 

NOTE 1: REPEAT THE OPTOCOUPLER CONNECTIONS FOR EACH LINE. 

NOTE 2: SELECT FOR 10mA THROUGH LED. 

FOR IMPROVED EFFICIENCY, REPLACE THE 3.6kfi RESISTOR WITH A 30V ZENER DIODE. 


1 v. -A-MUR12 

1 

__ 


5 f 

V IN 




500Q£ 

* aw 

LT1072 

Vfb 

V c GND 



SECONDARY < 
Vqut adjust 

lOkfis 

T 7 . 






380Q 
ATV|m = 5V 


RS232 Driver Signals 


RS232 Receiver Signals 


‘ 


i : ! fl 5 



$$ I , n j 


100kHz LOGIC 
INPUT TO OPTOCOUPLER 


LT1130 DRIVER OUTPUT 


100kHz RS232 
INPUT 


OPTOCOUPLER 

OUTPUT 
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LT1130 Series 


PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


S Package 

20-, 24- and 28-Lead Plastic SOL 
(.300 7.300 7.600 Wide) 



1TE ^\F 


MEMM 


d d d d'd d ETQ_ 


J Package 

20-Lead Ceramic DIP 
(.300" Wide) 



(.300" Wide) 



(26 924) 

N N N H H 'h HNRR 

(5 588-7 874) (0 635) ^7 

l 1 

) 

J 

jjJ LU LumUJ ' LiJLzJLiJliJH 




(.300" Wide) 



(26416) 

T 

0 250 * 0 010 
(6 350*0 254) 

l 

) 


10 



XTUDS* 
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LT 1130 Series 


PACKAGC DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


N Package 
24-Lead Plastic DIP 
(.300 "Wide) 



J Package 

28-Lead Ceramic DIP 
(.600" Wide) 




RR H R R R R R 

0 025 

-0 526 (0 635 )\ 
-13 36 ) RA0 . 

u 

* 


izr'kj ura in l±j h liTiii boi'-iivj hTE 'lar 


N Package 
28-Lead Plastic DIP 
(.600 "Wide) 




„ 1 «0 H 

(36 07 ) 

151 I«1 [ i ] m f«l R 

1^0 005 (1 575 ) \ 

± 0 127 ) BA0 



LlI Ld LiJ LlJ H IsJ'lzJ lil’bJ laTEnsnsTEr 
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LT1180/LT1181 


/TLinCAB. 

wF TECHNOLOGY 


F€ATUR€S 

■ 0.1/iF Capacitors 

■ Absolutely No Latchup 

■ CMOS Comparable Low Power - 70mW 

■ Superior to CMOS 

- Improved Speed - Operates Over64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 

- Smaller Board Area Required 

■ 1/iA Supply Current in Shutdown 

■ Available in SO Package 

■ Available With or Without Shutdown 


APPLICATIOAS 

■ Portable Computers 

■ Battery Powered RS232 Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


Advanced Low Power 
5 V RS232 Dual Driver/ Receiver 
with Small Capacitors 

DCSCAIPTIOn 

The LT1180 and LT1181 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 0.1 /jF charge pump capacitors, 
these interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re- 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
± 30V. Unlike CMOS, the advanced architecture of the 
LT1180/LT1181 does not load the signal line when “shut 
down” or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1 180/81, the LT1080 and 
LT1081 is available for applications requiring extra current 
from the charge pump to power other circuitry. All of 
Linear Technology’s RS232 IC’s are available in standard 
surface mount packages. 


TYPICAL APPUCATIOA 



Output Waveforms 


DRIVER 

OUTPUT 


' 5V 

- ov 

5V 


RECEIVER f 5V 
OUTPUT [ OV 


INPUT 


5 V 
OV 



0 2*iS 4/ts 6 fiS 8 fiS 


XTUD538 


10-67 








LT1180/LT1181 


absolute mnximum ratiags 

Supply Voltage (Vcc) 6V 

V+ 13.2V 

V- -13.2V 

Input Voltage 

Driver V - to V + 

Receiver - 30V to 30V 

On-Off Pin GNDto 12V 

Output Voltage 

Driver V- + 30V to V+-30V 

Receiver - 0.3V to Vcc + 0.3V 


Short Circuit Duration 

V + 30 Seconds 

V- 30 Seconds 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1180M/LT1181M -55°Cto125°C 

LT1180I/LT1181I - 40°C to 85°C 

LT1180C/LT1181C 0°Cto70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€R MFORfflATlOA 


NC [T 

C1+ tz 

v+E 

ci- [T 

C2+ E 

C2- OE 

v-E 

TR2 OUT E 
REC2 IN E 


TOP VIEW 

-TCT- 


LT1180 


]8j ON-OFF 

3D v C c 

33 GND 

33 TR1 OUT 
33 REC1 IN 
33 R EC1 OUT 

33 tri |N 

33 TR2 IN 
33 REC2 OUT 


ORDER PART 
NUMBER 


LT1180MJ 

LT1180IJ 

LT1180IN 

LT1180CJ 

LT1180CN 


J PACKAGE N PACKAGE 

18-LEAD CERAMIC DIP 18-LEAD PLASTIC DIP 


C1+E 
v+ E 

ci - E 
C2+ E 
C2- E 
v- E 

TR2 OUT E 
REC2 IN E 


33 CND 

33 TR1 OUT 
33 REC1 IN 
33 REC1 OUT 
33 TR1 IN 
33 TR2 IN 
71 REC2 OUT 


LT1181MJ 

LT1181IJ 

LT1181IN 

LT1181CJ 

LT1181CN 


TOP VIEW 

“^7" 


P3 Vcc 


J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 
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LT1180/LT1181 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Driver 

Output Voltage Swing 

Load = 3k toGND 

Positive 

• 

5.0 

7.3 


V 


Both Outputs. 

Negative 

• 

-5.0 

-6.5 


V 

Logic Input Voltage 

Input Low Level (V 0UT = High) 

• 


1.4 

0.8 

V 

Level 

Input High Level (V 0 ut= Low) 

• 

2.0 

1.4 


V 

Logic Input Current 

V|n>2.0V 


• 


5 

20 



V, n <0.8V 




5 

20 


Output Short Circuit 

Sourcing Current, V 0 ut= 

OV 


7 

12 


mA 

Current 

Sinking Current, V O ut=0V 


-7 

-12 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), V 0 U t= ± 30 V 

• 

.... .... 


10 

100 

m a 

Slew Rate 

R L = 3kfl, C L = 51pF 


4 

15 

30 

V//iS 


Receiver 


Input Voltage Thresholds 

Input Low Threshold, LT1180C, LT1181C 

• 

0.8 

1.3 


V 


LT1180I, M/LT1181I, M 

• 

0.2 

1.3 


V 


Input High Threshold, LT1 180C/LT1181C 

• 


1.7 

2.4 

V 


LT1180I, M/LT1181I, M 

• 


1.7 

3.0 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

input Resistance 



3 

5 

7 

kQ 

Output Voltage 

Output Low, l 0UT = -1.6mA 

• 


0.2 

0.4 

V 


Output High, I 0 ut= 160/iA (V C c=5V) 

• 

3.5 

4.8 


V 

Output Short Circuit 

Sinking Current, V 0 ut = V C c 


-10 

-20 


mA 

Current 

Sourcing Current, V 0UT = 0V 


0.6 

1 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), 0V< V 0UT ^ V cc 

• 


1 

10 

l (A 

Supply Current 

(Note 3) 



14 

23 

mA 


ii 

en 

o 

O 

• 



30 

mA 

Supply Leakage Current (V cc ) 

SHUTDOWN (Note 2) (LT1 1 80 Only) 

• 

| 1 100 

/-A 

On-Off Pin Current 

0 V < Vqn-off ^ 5V (LT1 1 80 Only) 

• 

| -15 


80 

m a 


The • denotes specifications which apply over the operating temperature 
range (0°C<T A <70°C for commercial grade, - 40°C<T A <85°C for indus- 
trial grade or - 55°C<T A < 125°C for military grade devices). 

Note 1 : These parameters apply for V 0 n-off = 3V, V C c = 5V and C = 0. 1 /*F un- 
less otherwise specified. 


Note 2: V ON -off = 0.4V for - 55°C <T A < 1 00°C, and V on .off = 0.2V for 
1 00°C < T A < 1 25°C (LT 1 1 80 only). 

Note 3: Unless otherwise specified, V cc = 5V, external loading of V + and 
V~ equals zero and the driver outputs are low (inputs high). 


XTWBI 
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LT1180/LT1181 


pm Funcnons (Pin numbers refer to LT1180) 

Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 

GND(Pin 16): Ground pin. 

On-Off (Pin 18): Controls the operation mode of the LT1180 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 

V+(Pin 3): Positive supply for RS232 drivers. V+« 
2Vcc~ 1-5V. Requires an external capacitor (>0.tyF) for 
charge storage. Capacitor may be tied to ground or +5V 
input supply. With multiple transceivers, the V + and V - 
pins may be paralleled into common capacitors. 

V - (Pin 7): Negative supply for RS232 drivers. V~« 
- (2Vcc - 2.5V). Requires an external capacitor (>0.1/iF) 
for charge storage. With multiple transceivers, the V + 
and V - pins may be paralleled into common capacitors. 

TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc- 


TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc = OV) to allow data line sharing. Outputs are fully 
short circuit protected from V - + 30V to V + -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels ( ± 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5kQ. 

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 

Cl +; Cl ~; C2+; C2 - (Pins 2, 4, 5, 6): Requires an ex- 
ternal capacitor (>0.1|tF) from Cl + to Cl - and another 
from C2+ to C2~. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, Cl can be deleted. 


TYPICAL PCRFORfnnnce CHRRRCTCRISTICS 



0 0.1 0.2 0.3 0.4 

CAPACITOR 0*F) 


Supply Generation from Vcc 
or Shutdown 



0 20 40 60 80 100 120 140 160 180 200 

TIME Ois) 


Receiver Input Thresholds 
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TEMPERATURE (°C) 
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LT1180/LT1181 


typical P€RFORmnnc€ chrrrctcristics 


Receiver Output Short 
Circuit Current 
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TEMPERATURE (°C) 
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INPUT VOLTAGE (V) 
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TEMPERATURE (°C) 


Supply Current in Shutdown 


Driver Output Leakage 
in Shutdown 



TEMPERATURE (°C) 
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LT1180/LT1181 


nppucnnon Hims 

The driver output stage of the LT1180 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to ± 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


Placing the LT1180 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops input supply current 
(Vcc; Pin 17) to zero for power-conscious systems. 


LT1180/LT1181 Driver 


Transceiver 



30V 

-30V 


Older RS232 Drivers and CMOS Drivers 


v+ 



WITH SOME DRIVERS, 
EXTERNALLY APPLIED 
VOLTAGE CAN FORCE 
THE SUPPLIES 


v- 


LT1180 #1 
DRIVER 



RS232 

TRANSMIT/RECEIVE 

LINE 


Sharing a Receiver Line 


Sharing a Transmitter Line 


LT1180 #1 
RECEIVER 



LT1180 #1 
DRIVER 



RS232 

TRANSMISSION 

LINE 
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LT1180/LT1181 


APPIICATIOA HlftTS 


When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 

To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 


RECEIVER 


RS232 

INPUT 


Ikfl* 

-VSAr 


*A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN ±100V 



LOGIC 

OUTPUT 


V CC 



LT1180 EXTERNAL 



TYPICAL APPUCATIO ft 

Operating with 12V and 5V Supplies 
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LT1180/LT1181 


PACKAGE DCSCAIPTIOfl Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

16-Lead Ceramic DIP 


J Package 

18-Lead Ceramic DIP 





Tjmax 

9ja 

0jc 

LT1180MJ/IJ 

150°C 

100°C/W 

40°C/W 

LT1180CJ 

150°C 

100°C/W 

40°C/W 



Tjmax 

0ja 

0jc 

LT1181MJ/IJ 

150°C 

100°C/W 

40°C/W 

LT1181CJ 

150°C 

100°C/W 

40°C/W 


N Package 
16-Lead Plastic DIP 


N Package 
18-Lead Plastic DIP 




Tjmax 

0ja 

9jc 

LT1180CN/IN 

125°C 

120°C/W 

50°C/W 



Tjmax 

0ja 

0jc 

LT1181CN/IN 

125°C 

120°C/W 

50°C/W 


S Package 
16-Lead Plastic SOL 


S Package 
18-Lead Plastic SOL 
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LT 1 280 /LT 1281 


rrurm 

TECHNOLOGY 


F€flTUA€S 

■ 10mA Max Supply Current 

■ Absolutely No Latchup 

■ CMOS Comparable Low Power - 35mW Typ 

■ Superior to CMOS 

- Improved Speed - Operates Over 64K Baud 

- Improved Protection — Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 

- Smaller Board Area Required 

■ 1/tA Supply Current in Shutdown 

■ Available in SO Package 

■ Available With or Without Shutdown 


APPUCATIOflS 

■ Portable Computers 

■ Battery Powered RS232 Systems 

■ Power Supply Generator 

■ Terminals 

■ Modems 


TVPicni Application 


Advanced Low Power 
5V RS232 Dual Driver/ Receiver 

DCSCMPTIOn 

The LT1280 and LT1281 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only tyF charge pump capacitors, 
these interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re- 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
± 30V. Unlike CMOS, the advanced architecture of the 
LT1280/LT1281 does not load the signal line when “shut 
down” or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1280/81, the LT1180 and 
LT1181 is available for applications requiring small (O.tyF) 
capacitors. All of Linear Technology’s RS232 IC’s are avail- 
able in standard surface mount packages. 
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LT1280/LT1281 


ABSOLUTE fflAXimum RATIAGS 

Supply Voltage (Vcc) 6 V 

V+ 13.2V 

V- -13.2V 

Input Voltage 

Driver V- to V+ 

Receiver - 30V to 30V 

On-Off Pin GNDto 12V 

Output Voltage 

Driver V~ +30Vto V+ -30V 

Receiver - 0.3V to Vcc + 0.3V 


Short Circuit Duration 

V+ 30 Seconds 

V- 30 Seconds 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT 1 280M/LT 1 281 M -55°Cto125°C 

LT1280I/LT1281I -40°Cto85°C 

LT 1 280C/LT 1 281 C 0°Cto70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€R IRFORfflATlOA 



]|] ON-OFF 

HKc 

j6] GND 
T5l TR1 OUT 
TT1 REC1 IN 
TT| REC1 OUT 
T|] TR1 IN 
IT] TR2 IN 
m REC2 OU'. 


J PACKAGE N PACKAGE 

18-LEAD CERAMIC DIP 18-LEAD PLASTIC DIP 



m V CC 
Tsl GND 
h! tri OUT 
J3] REC1 IN 
77] REC1 OUT 
TT] TRI IN 
7o| TR2 IN 
T| REC2 OUT 

J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 


ORDER PART 
NUMBER 


LT1280MJ 

LT1280IJ 

LT1280IN 

LT1280CJ 

LT1280CN 


LT1281MJ 
LT1281IJ 
LT1281 IN 
LT1281CJ 
LT1281CN 
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LT1280/LT1281 


CLCCTRICDL CHARACTERISTICS (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Driver 

Output Voltage Swing 

Load = 3ktoGND 

Positive 


5.0 

7.3 


V 


Both Outputs. 

Negative 


-5.0 

-6.5 


V 

Logic Input Voltage 

Input Low Level (V 0UT = High) 



1.4 

0.8 1 

V 

Level 

Input High Level (Vout= Low) 


2.0 

1.4 


V 

Logic Input Current 

V, n >2.0V 




5 

20 

/iA 


V, n <0.8V 


• 


5 

20 


Output Short Circuit 

Sourcing Current, V 0 ut= 

OV 


7 

12 


mA 

Current 

Sinking Current, V O ut=0V 


-7 

-12 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), V 0U t= ±30V (Note 4) 

• 


10 

25 

f*A 

Slew Rate 

R[_ = 3kfl, C L = 51pF 


4 

15 

30 

V//iS 


Receiver 


Input Voltage Thresholds 

Input Low Threshold, LT1280C/LT1281C 

• 

0.8 

1.3 


V 


LT1280I, M/LT1281I, M 

• 

0.2 

1.3 


V 


Input High Threshold, LT1280C/LT1281C 

• 


1.7 

2.4 

V 


LT1280I, M/LT1281I, M 

• 


1.7 

3.0 

V 

Hysteresis 


• 

0.1 

0.4 

1.0 

V 

Input Resistance 



3 

5 

7 

kfi 

Output Voltage 

Output Low, Iqut = - 1.6mA 

• 


0.2 

0.4 

V 


Output High, l 0UT = 160^A (V CC = 5V) 

• 

3.5 

4.8 


V 

Output Short Circuit 

Sinking Current, V 0(JT = V cc 


-10 

-20 


mA 

Current 

Sourcing Current, Vqut = 0V 


0.3 

0.6 


mA 

Output Leakage Current 

SHUTDOWN (Note 2), 0 V < V 0UT < V cc 

• 


1 

10 

iih 

Supply Current 

(Note 3) 



7 

10 

mA 



• 



14 

mA 

Supply Leakage Current (V cc ) 

SHUTDOWN (Note 2) (LT1280 Only) (Note 4) 

• 

1. _ . _ 1 » ! 

mA 

On-Off Pin Current 

0V< V on .5ff< 5V (LT1280 Only) 

• 

j -15 


80 



The • denotes specifications which apply over the operating temperature 
range (0°C<T A <70°C for commercial grade, - 40°C<T A <85°C for indus- 
trial grade or - 55°C<T A <125°C for military grade devices). 

Note 1 : These parameters apply for V 0 n-off = 3V, v cc = 5V and C = 1 .0/*F un- 
less otherwise specified. 

Note 2: V on .off = 0.4V for - 55°C < T A < 1 00°C, and V ON -off = 0.2V for 
100 °C<T a < 125°C(LT1280 only). 


Note 3: Unless otherwise specified, V cc = 5 V, external loading of V + and 
V “ equals zero and the driver outputs are low (inputs high). 

Note 4: Leakage current at 125°C = 1 00/tA max. 


umm 
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LT1280/LT1281 


pm Funcnons (Pin numbers refer to LT1280) 

Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 

GND(Pin 16): Ground pin. 

On-Off (Pin 18): Controls the operation mode of the LT1280 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 

V+(Pin 3): Positive supply for RS232 drivers. V+« 
2Vcc-1.5V. Requires an external capacitor (>0.fyF) for 
charge storage. Capacitor may be tied to ground or + 5V 
input supply. With multiple transceivers, the V + and V - 
pins may be paralleled into common capacitors. 

V - (Pin 7): Negative supply for RS232 drivers. V - * 
- (2Vcc — 2.5V). Requires an external capacitor (>0.1jiF) 
for charge storage. With multiple transceivers, the V + 
and V - pins may be paralleled into common capacitors. 

TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc. 


TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc = OV) to allow data line sharing. Outputs are fully 
short circuit protected from V - + 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than +45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels ( ± 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5kfi. 

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc with power on, off, or in the SHUTDOWN 
mode. 

Cl +; Cl -; C2+; C2~ (Pins 2, 4, 5, 6): Requires an ex- 
ternal capacitor (>0.1/iF) from Cl + to Cl - and another 
from C2+ to C2~. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, Cl can be deleted. 


TYPICAL PCRFORAIARCC CHRRACTCRISTICS 


Supply Generation from Vcc 
or Shutdown 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
TIME (ms) 


Receiver Input Thresholds 



-55 -25 O 25 50 75 100 125 

TEMPERATURE (°C) 


Receiver Output Short 
Circuit Current 



TEMPERATURE (°C) 


i~T\ inf AD 
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LT1280/LT1281 


TYPICAL PCRFORfflAACC CHARACTCRISTICS 


On-Off Pin Current vs Voltage 



_ 10 1 i i i i i i i i i j 

0 1 2 3 4 5 

INPUT VOLTAGE (V) 


On-Off Pin Thresholds 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current in Shutdown 


Driver Output Leakage 
in Shutdown 



TEMPERATURE (°C) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Shutdown to Driver Output 


Shutdown to Receiver 
Output 


DRIVER 

OUTPUT 


DRIVER 

OUTPUT 


{ 

{ 


10V 
5V 
0 V 
OV 


—5 V 
-10V 


ON-0FF f 5V 
INPUT [ OV 


6V 

RECEIVER 4V 
OUTPUT 4 2V 

OV 


ON-OFF , 5V 
INPUT OV 


0 1ms 2ms 3ms 4ms 
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LT1280/LT1281 


APPUCATIOA HI ATS 


The driver output stage of the LT1280 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to +30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 


Placing the LT1280 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops input supply current 
(Vcc; Pi n 1 7) to zero for power-conscious systems. 


LT1280/LT1281 Driver 


Transceiver 




30V 


-30V 


Older RS232 Drivers and CMOS Drivers 


v+ 


\ J i WITH SOME DRIVERS, 

^S n , EXTERNALLY APPLIED 
' VOLTAGE CAN FORCE 

j T THE SUPPLIES 


v- 


LT1280 #1 
DRIVER 



RS232 

TRANSMIT/RECEIVE 

LINE 


Sharing a Receiver Line 


Sharing a Transmitter Line 


LT1280 #1 
RECEIVER 



LT1280 #1 
DRIVER 



INPUT 


RS232 

TRANSMISSION 

LINE 


i“T\ inf AD 
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LT1280/LT1281 


APPUCATIOn HIATS 

When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 

To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 



LOGIC 

OUTPUT 


V CC 



LT 1 280 EXTERNAL 



TYPICAL APPUCATIOA 


Operating with 12V and 5V Supplies* 
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LT 1 280 /LT 1281 


PACKPG6 DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


J Package 

16-Lead Ceramic DIP 


J Package 

18-Lead Ceramic DIP 





Tjmax 

0ja 

9jc 

LT1281MJ/IJ 

150°C 

100°C/W 

40°C/W 

LT 1 281 CJ 

150°C 

100°C/W 

40°C/W 



W 

9ja 

0|C 

LT1280MJ/IJ 

150°C 

100°C/W 

40°C/W 

LT1280CJ 

150°C 

100°C/W 

40°C/W 


N Package 
16-Lead Plastic DIP 


N Package 
18-Lead Plastic DIP 


0 900 



^ 0 770 


(22 860) 


09 558) 

,ji. m m j?3ijj5i.rni..n5i. (si . 


[t8l|i7l[i6ljl5j[T4lfi3lIT2irrilnol 

t 

0*0 010 

°r 

) 

i 

0 250*0 010 
{6 350 * 0 254) 

1 1 

) 


LU UJ LU LU DO TUTU OJ LiJ 




Tpax 

0|a 

0]C 

LT1281CN/IN 

125°C 

120°C/W 

50°C/W 



Tjmax 

Oja 

LT1280CN/IN 

125°C 

120°C/W 


S Package 
16-Lead Plastic SOL 


S Package 
18-Lead Plastic SOL 



NOTE 

PIN 1 IQENT NOTCH ON TOP ANO CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS 
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INDEX 


SECTION 1 1 -SPECIAL FUNCTION 

INDEX 11-2 

PROPRIETARY PRODUCTS 

LTK001, Thermocouple Cold Junction Compensator and Matched Amplifier 11-3 

L TC201, Quad CMOS SPST Low Charge Injection Analog Switch 13-3 

LT1025, Micropower Thermocouple Cold Junction Compensator 11-7 

L TCI 043, Dual Precision Instrumentation Switched-Capacitor Building Block 11-15 

LTC1043CS, Dual Precision Instrumentation Switched-Capacitor Building Block 11-31 

LT1088, Wideband RMS-DC Converter Building Block 11-33 

LT1089, HighSide Switch 11-45 

LT1188, 1.5A High Side Switch 13-55 
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LTK001 


rrunm 

TECHNOLOGY Thermocouple Cold Junction 
Compensator and Matched Amplifier 


F€ATUA€S 

■ 0.75°C Initial Accuracy (A Version) 

■ Extremely Low Warmup Drift 

■ Preset Outputs for Type E, J, K, R, S, T 

■ Single 5V to ± 20V Operation 

■ 480ftA Typical Supply Current 

APPUCATIOAS 

■ Thermocouple Cold Junction Compensation 

D6SCAIPTIOA 

The LTK001 is a thermocouple amplifier supplied with a 
matched cold junction compensator. By separating the 
amplifier and compensator functions, the problem of com- 
pensator temperature rise is virtually eliminated. The com- 
pensator is a selected version of the LT1025 cold junction 
compensator. The amplifier, which is also available sepa- 
rately as LTKAOx has been specially selected for thermo- 
couple applications. It has low supply current to minimize 
warmup drift, very low offset voltage (<35 pV), high gain, 


and extremely low input bias currents (<600pA) to allow 
high impedance input filters to be used without degrading 
offset voltage or drift. 

Matching of the kits is accomplished by separating the 
compensators and amplifiers according to the polarity of 
their initial (room temperature) errors. This eliminates the 
need to sum the errors of the two components to find the 
worst-case error. 

The LTK001 has direct thermocouple outputs of 60.9/tV/°C 
(E), 51.7 /jV/°C (J), 40.6/jV/°C (K, T), and 5.95 ft V/°C (R, S). It 
also has a 10mV/°C output which can be scaled to match 
any arbitrary thermocouple. 

The amplifier in the LTK001 kit is available in an 8-pin plas- 
tic miniDIP for 0°C to 70°C operation and an 8-pin TO-39 
metal can for -55°C to +125°C operation. The com- 
pensator is available in 8-pin plastic miniDIP for 0°C to 
70°C operation and 8-pin ceramic miniDIP for -55°C to 
+ 125°C operation. 

For multiple thermocouple applications using one com- 
pensator, amplifiers may be ordered separately (LTKAOx), 
still matched to the compensator. 

For typical performance curves and applications circuits consult the 
LT1025 data sheet. 


Type K 10mV/°C Thermometer 

R2 R3** 

100ft 255k 

FULL-SCALE TRIM 1% 
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LTK001 


absolute maximum rrtiags 


Amplifier (LTKAOx) 

Supply Voltage (Total V + to V ‘ ) 40 V 

Differential Input Current (Note 1) ±10mA 

Common-Mode Input Voltage Equal to Supplies 

Output Short Circuit Duration Indefinite 

Compensator (LT1 025) 

Supply Voltage (% to Ground Pin) 36V 

Output Voltage (Forced) 5V 

Output Short Circuit Duration Indefinite 

Both Devices 

Operating Temperature Range 

LTK001AMJ, LTK001MJ - 55°C to 125°C 

LTK001ACN, LTK001CN 0°C to 70°C 

Storage Temperature Range - 65°C to 150°C 


Lead Temperature Range (Soldering, 10 sec.) 300°C 


PACKAG€/ORD€R lAFORIAATlOA 


E F 

60.9/tV/ o C LL 

VinU 
Vo rj 

10mV/°C Li 
gnd[7 

PLAS1 
COM PE 
(LT1 

TOP VIEW 

ter- — 

IC DIP HERME 

\ISATOR COMPEt 
025) (LT1 

|_J 

8J 51 7/M/X 

T1 KiT 

U 40.6^V/°C 

■el R-S 

2* 6fA// a C 

Ur- 

COMMON 

ric dip 

SATOR 

)25) 

ORDER 

PART NUMBER 

KIT 

LTK001CN 

LTK001ACN 

LTK001MJ 

LTK001AMJ 

Vos TRIM [T 

-«E 

+in[T 

V- \± 

PLASTK 

TOP VIEW 

C7 

1 DIP AMPLIFIER (L 

7] Vos TRIM 

3v + 

7] OUT 

7J OVER COMP 

TKAOx) 

AMPLIFIER ONLY 
(Note A) 

LTKA00CN8 

LTKA01CN8 

TOP VIEW 

V 0S TRIM 

TRIM GX^vZ) V + 

- IN (2)0 + 0UT 

OVER- 

+ IN COMP 

v- 

METALCAN AMPLIFIER (LTKAOx) 

AMPLIFIER ONLY 
(Note A) 
LTKA00MH 
LTKA01MH 


Note A: The polarity of the amplifier is indicated by the 0 or 1 in the part 
number. An LT1025 with a 0 identifier is properly matched with an LTKA00 
while an LT1025 with a 1 identifier should be used with an LTKA01. 


ELECTRICAL CHARACTERISTICS — (HATCHED AMPLIFIER 

AAD COMPEASATOR T A = 25°C, V s = ± 1 5 V (Amplifier), V s = 5 V (Compensator) 


PARAMETER 

CONDITIONS 

LTK001A 

MIN TYP MAX 

LTK001 

MIN TYP MAX 

UNITS 

Total Temperature Error @25°C 
(Note 2) 


TypeE 

0.75 

2.5 

°C 

TypeJ 

0.75 

2.5 

°c 

Type K,T 

0.86 

2.5 

°c 

Type R, S 

(Note 11) 5.0 

5.0 

°c 

Slope Error (Notes 3 and 8) 

0°C<Tj<70 o C 

TypeE 

0.05 

0.09 

°c/°c 

TypeJ 

0.06 

0.09 

°c/°c 

Type K, T 

0.07 

0.10 

°c/°c 

Type R, S 

0.28 

0.32 

°c/°c 

Total Temperature Error at 
Temperature Extremes (Note 8) 

0°C<Tj<70 o C 

TypeE 

2.0 

5 

°c 

TypeJ 

2.1 

5 

°c 

Type K,T 

2.6 

5.2 

°c 

Type R, S 

(Note 11) 16 

16 

°c 

-55°C<Tj<125°C 

TypeE 

6 

8.5 

°c 

TypeJ 

6 

8.5 

°c 

Type K, T 

6.3 

9 

°c 

Type R, S 

(Note 11) 30 

30 

°c 

Temperature Error Change with 
Supply Voltage (Note 4) 


0.1 

0.1 

°c/v 

Supply Current 


480 900 

480 900 

liA 


i~T\ inf AD 
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LTK001 


€l€CTRICRL CHARACTERISTICS 
COmP€RSRTOR (U1025) Vs = 5V unless otherwise specified 


PARAMETER 

CONDITIONS 

COMPENSATOR (LT1025) 

MIN TYP MAX 

UNITS 

Temperature Error at 10mV/°C Output (Note 8) 

Tj = 25°C 

LTK001A 


0.3 0.5 

°C 

LTK001 


0.5 2.0 

°c 

| Full Temperature Span 

• 

See Curve on LT1025 Data Sheet 


Temperature Error at Individual Outputs (Note 9) 

LTK001A 

E, J, K,T 


0.4 0.75 

°c 

R,S 


0.4 1.5 

°c 

LTK001 

E, J, K,T 


0.8 2.4 

°c 

R, S 


1.2 3.5 

°c 

Full Temperature Span 

• 

See Curve on LT 1 025 Data Sheet 


Supply Current 

4V<V, n <36 V 

0°C<Tj<70°C 

-55°C<Tj<125°C 


80 100 

M A 

• 

150 

fA 

• 

200 

jik 

Change in Supply Current 

4V<V, n <36V 


0.01 0.05 

fiMV 

Line Regulation (Note 10) 

4V<V, n <36V 

10mV/°C Output 

• 

0.003 0.02 

°C/V 

Load Regulation (Note 10) 

0<l o <1mA 

10mV/°C Output 

• 

0.04 0.2 

°C 

Divider Impedance 


E 


2.5 

kfi 

J 


2.1 

kO 

K,T 


4.4 

kfi 

R,S 


3.8 

kQ 


€l€CTMCAl CHRRRCT€RISTICS 

nmPLIFI€R (LTKROx) V$ = ± 15V, Vcm = 0, Tj = 25°C, unless otherwise specified 


PARAMETER 

CONDITIONS 

MIN 

AMPLIFIER (LTKAOx) 

TYP MAX 

UNITS 

Input Offset Voltage 




10 

35 

mV 

Input Offset Voltage Drift with Temperature 

(Note 5) 

• 


0.3 

1.5 

fiW C 

Input Bias Current 

o 

o 

O 

1^- 

VI 

I—' 

VI 

o 

o 

CD 


• 


±200 

±600 

pA 


-55°C<T a <125°C 

• 


±300 

±1500 

pA 

Input Bias Current Drift with Temperature 

(Note 5) 

• 


1 

5 

pA/°C 

Input Offset Current 

0°C<T a <70°C 


• 


±100 

±500 

PA 


-55°C<T a <125°C 

• 


±200 

±700 

PA 

Input Offset Current Drift with Temperature 

(Note 5) 

• 


0.6 

4 

pA/°C 

Large Signal Voltage Gain 

R|_= lOkfl 

• 

400 

2000 


V/mV 

Common-Mode Rejection Ratio 

V CM =± 13.5V 

• 

106 

130 


dB 

Power Supply Rejection Ratio 

± 2.5 V <V S < ± 20 V (Note 4) 

• 

106 

125 


dB 

Common-Mode Input Voltage Range 

Notes 5 and 6 

Above V" 

. 

0.75 

V 



Below V + 


1.0 

V 

Output Voltage Swing (Notes 5 and 7) 

Referred to 

Iqut= 0.1mA 


0.8 

V 


Supplies 

lour = 1 mA 


1.1 

V 

Supply Current 


• 


400 

800 

mA 

Supply Voltage Range 

Total V + toV" Voltage 

• 

4.5 


40 

V 
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The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: The inputs of the LTKAOx amplifier are clamped with diodes, so a 
differential voltage rating does not apply. 

Note 2: Total temperature error is the overall error at 25°C taking into 
account the offset of the amplifier, the offset at the compensator 10mV/°C 
output, and the error in the compensator divider network. Warmup drift is 
not included. 

Note 3: Slope error is the increase in total temperature error as ambient 
temperature is increased. It is guaranteed by design and by other tests, but 
is not tested directly. 

Note 4: This is a worst-case limit assuming that any or all supply voltages 
change. 

Note 5: Guaranteed, but not tested. 

Note 6: By referring common-mode range to the supplies, the range 
referred to ground can be quickly calculated for any given supply voltage. 
With a single 5V supply, for instance, which has a worst-case low value of 
4.7V, the upper common-mode limit is 4.7V - 1 V = 3.7V. The lower common- 
mode limit is OV + 0.75V = 0.75V. With ± 15V supplies, the limits would be 
+ 14V and - 14.25V, respectively. Common-mode range has a temperature 
sensitivity of »2mV/ 0 C. 

Note 7: Absolute output voltage swing is calculated by subtracting the 


given limits from actual supply voltage. These limits indicate the point 
where offset voltage has changed suddenly by 5/tV. 

Note 8: Temperature error is defined as the deviation from the following 
formula: 

V 0 ut = a (T) + «0(T - 25° C) 2 

a = Typical thermoucouple Seebeck coefficient as follows, E = 60.9/tV/°C, 
J = 51 .7/iV/°C, K, T = 40.6/*V/°C, R, S = 5.95,*V/ 0 C. a = 10mV/°C at the lOmV 
output. 

0= Nonlinearity coefficient built into the LT1025 to help compensate for 
the nonlinearities of thermocouples. 0 = 5.5 x 10~ 4 , generating 0.34°C bow 
for 25°C temperature change, and 1 .36°C bow for 50°C change. 

Note 9: Temperature error at the individual outputs is the sum of the 
1 0m V/°C output error plus the resistor divider error. 

Note 40: Line and load regulation do not take into account the effects of 
self-heating. Output changes due to self-heating can be calculated as 
follows: 

AVout (Line) = AV, N (l q + l, oad ) (150°C/W) 

AV 0UT (Load) = (Al, oad ) (V, N ) (150°C/W) 
l q = LT1 025 supply current 
Load regulation is30^A<l o <1mA forT A <0°C. 

Note 11: Larger errors with type R and S thermoucouples are due mostly to 
35/iV offset of the amplifier. This error can be reduced to 5/iV max with the 
LTC1050 or LTC1052 operational amplifiers. 


PACKAGC DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


H Package 

8LeadTO-5 Metal Can 


J Package 
8 Lead Hermetic DIP 


N Package 
8 Lead Molded DIP 




0.110-0 160 
(2.794-4 064)' 
INSULATING 
STANDOFF 


NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE 



4 


ZEE 


0.400 1 

(10 160) 

MAX 

nn m nn nn 


) 

0.250 ±0 010 
(6.350 ±0.254) 

1 

urni Lii iii 




TjMAX 

e |A 

e jC 


TjMAX 

e JA 

150°C 

150°C/W 

45°C/W 


150°C 

100°C/W 


T jMAX 

OjA 

100°C 

130°C/W 
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TECHNOLOGY 


F€ATUR€S 

■ 80pA Supply Current 

■ 4V to 36V Operation 

■ 0.5°C Initial Accuracy (A Version) 

■ Compatible with Standard Thermocouples 
(E,J,K,R,S,T) 

■ Auxiliary 10mV/°C Output 


APPUCATIOAS 

■ Thermocouple Cold Junction Compensator 

■ Centigrade Thermometer 

■ Temperature Compensation Network 


Micropower Thermocouple 
Cold Junction Compensator 

DCSCRIPTIOR 

The LT1025 is a micropower thermocouple cold junction 
compensator for use with type E, J, K, R, S, and T thermo- 
couples. It utilizes wafer level and post-package trimming 
to achieve 0.5°C initial accuracy. Special curvature correc- 
tion circuitry is used to match the “bow” found in all 
thermocouples so that accurate cold junction compensa- 
tion is maintained over a wider temperature range. 

The LT1025 will operate with a supply voltage from 4V to 
36V. Typical supply current is 80/tA, resulting in less than 
0.1 °C internal temperature rise for supply voltages under 
10V. A 10mV/°C output is available at low impedance, in 
addition to the direct thermocouple voltages of 60.9/tV/°C 
(E), 51.7 /jV/°C (J), 40.3fiV/°C (K, T) and 5.95^V/°C (R, S). All 
outputs are essentially independent of power supply 
voltage. 

A special kit is available (LTK001) which contains an 
LT1025 and a custom tailored thermocouple amplifier. The 
amplifier and compensator are matched to allow a much 
tighter specification of temperature error than would be 
obtained by adding the compensator and amplifier errors 
on a worst-case basis. The amplifier from this kit is avail- 
able separately as LTKAOx. 

The LT1025 is available in an 8 pin plastic miniDIP for tem- 
peratures between 0°C and 70°C. A ceramic miniDIP is 
also available for -55°Cto +125°C operation. 


BLOCK DIAGRflm 


TYPICAL APPLICATIOR 


E 60 9jiV/°C 



Type K 10mV/°C Thermometer 

R2 R3** 

lOOfi 255k 

FULL-SCALE TRIM 1% 
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absolute maximum rrtirgs 


Input Supply Voltage 36V 

Output Voltage (Forced) 5 V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1025AC, LT1025C 0°Cto+70°C 

LT1025AM, LT1025M -55°Cto +125°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PRCKRG€/ORD€R IRFORIDRTIOR 



TOP VIEW 


ORDER PART 
NUMBER 

60.9fiV/°C El 


■A/vV 


351.7/tV/°C 


T 


T 

LT1025AMJ8 

v,n|T 

71 K > T 

U40.6mV/°C 

-H 



Vo IT 
10mV/°C ■— 

tiR.S 

6^V/°C 

LT1025MJ8 

LT1025ACN8 

gnd|T 

"5l R “ 

COMMON 

LT1025CN8 





i J PACKAGE 


N PACKAGE 


HERMETIC DIP 

MOLDED DIP 



ELECTRICAL CHARACTERISTICS Vs = 5V, Ta = 25°C, Pin 5 tied to Pin 4, unless otherwise noted. 


PARAMETER 

| CONDITIONS i 

MIN 

TYP 

MAX 

UNITS 

Temperature Error at 

Tj = 25°C 







10mV/°C Output (Notes 3, 4) 

LT1025A 




0.3 

0.5 

°C 


LT1025 




0.5 

2.0 

°c 


[ Full Temperature Span | 

• 


See Curve 



Resistor Divider Accuracy 

V OU T=10mV/ o C 







(Notes 1,3) 

LT1025A 

E 


60.6 

60.9 

61.3 

iiWC 



J 


51.4 

51.7 

52.1 

^v/°c 



K, T 


40.3 

40.6 

41.0 

/iV/° c 



R,S 


5.8 

5.95 

6.2 

*v/°c 


LT1025 

E 


60.4 

60.9 

61.6 

nWC 



J 


51.2 

51.7 

52.3 

nWC 



K,T 


40.2 

40.6 

41.2 

aV/° c 



R, S 


5.75 

5.95 

6.3 

IlW C 

Supply Current 

4V<V| N <36V 



50 

80 

100 

\i.k 


LT1025AC, LT1025C 

• 

50 


150 

A A 


LT1025AM, LT1025M 

• 



200 


Line Regulation (Note 2) 

4V<V| N <36V 

• 


0.003 

0.02 

°c/v 

Load Regulation (Note 2) 

0<l o <1mA 

• 


0.04 

0.2 

°c 

Divider Impedance 


E 



2.5 


kfl 



J 



2.1 


kfi 



K,T 



4.4 


kfi 



R,S 



3.8 


kO 

Change in Supply Current 

| 4V<V, N <36V 



0.01 

0.05 

m a/v 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Divider accuracy is measured by applying a 10.000V signal to 
the output divider and measuring the individual outputs. 

Note 2: Regulation does not include the effects of self-heating. See 
“Internal Temperature Rise” in Application Guide. Load regulation is 
30/iA < l 0 < 1 mA for T A < 0°C. 


Note 3: To calculate total temperature error at individual thermocouple 
outputs, add 10mV/°C output error to the resistor divider error. Total error 
for type K output at 25°C with an LT1025A is 0.5°C plus (0.4/*V/°C) (25°C) / 
(40.6/iV/°C) = 0.5°C + 0.25°C = 0.75°C. 

Note 4: Temperature error is defined as the deviation from the following 
formula: V 0 ut = 10mV(T) + (10mV)(5.5 x 10 _4 )(T - 25°C) 2 . The second term is 
a built-in nonlinearity designed to help compensate the nonlinearity of the 
cold junction. This “bow” is «0.34°C for a 25°C temperature change. 
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Tvpicni peRFORmnnce chrrrctcristics 


10mV/°C Output Temperature 
Error LT1025 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 


10mV/°C Output Temperature 
Error LT1025A 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 


200 
180 
160 
140 

% 120 

g 100 

1 80 
o 

60 
40 
20 
0 

0 5 10 15 20 25 30 35 40 

■SUPPLY VOLTAGE (V) 


Supply Current 





does not Include 3o^a | 



PULL-UUWN CUHHtNI 1 

REQUIRED FOR TEMPERATURES 




BEL 

3W 0° 

c 



r 


Tj 

= 125 

°C 





L 








1 

1 








1 

1 


Tj 

= 25° 

C 




1 

1 




£ 




III 


Tj= 

= -55 

°c 

“ 1 






□ 

□ 

N 4TI 

ED TO 

PIN 5 


*ERR0R CURVE FACTORS IN THE NONLINEARITY 
TERM BUILT IN TO THE LT1025. SEE THEORY OF 
OPERATION IN APPLICATION GUIDE SECTION. 


‘ERROR CURVE FACTORS IN THE NONLINEARITY 
TERM BUILT IN TO THE LT1025. SEE THEORY OF 
OPERATION IN APPLICATION GUIDE SECTION. 


nmiCATIOfl GUID€ 

The LT1025 was designed to be extremely easy to use, but 
the following ideas and suggestions should be helpful in 
obtaining the best possible performance and versatility 
from this new cold junction compensator. 


Theory of Operation 

A thermocouple consists of two dissimilar metals joined 
together. A voltage (Seebeck EMF) will be generated if the 
two ends of the thermocouple are at different tempera- 
tures. In Figure 1, iron and constantan are joined at the 
temperature measuring point T1. Two additional thermo- 
couple junctions are formed where the iron and con- 
stantan connect to ordinary copper wire. For the purposes 
of this discussion it is assumed that these two junctions 
are at the same temperature, T2. The Seebeck voltage, Vs, 
is the product of the Seebeck coefficient a , and the tem- 
perature difference, T1-T2; Vs = a(T1-T2). The junc- 
tions at T2 are commonly called the cold junction because 
a common practice is to immerse the T2 junction in 0°C 
ice/water slurry to make T2 independent of room tempera- 
ture variations. Thermocouple tables are based on a cold- 
junction temperature of 0°C. 


To date, 1C manufacturers efforts to make microminiature 
thermos bottles have not been totally successful. There- 
fore, an electronically simulated cold-junction is required 
for most applications. The idea is basically to add a tem- 
perature dependent voltage to Vs such that the voltage 
sum is the same as if the T2 junction were at a constant 
0°C instead of at room temperature. This voltage source is 
called a cold junction compensator. Its output is designed 
to be OV at 0°C and have a slope equal to the Seebeck 
coefficient over the expected range of T2 temperatures. 


TEMPERATURE 
TO BE MEASURED 


CONSTANTAN 


Vs 


, LT1025 MUST BE LOCATED 
'NEXT to cold junction 
FOR TEMPERATURE TRACKING 


Figure 1 

To operate properly, a cold junction compensator must be 
at exactly the same temperature as the cold junction of 
the thermocouple (T2). Therefore , it is important to locate 
the L T 1025 physically close to the cold junction with local 
temperature gradients minimized. If this is not possible, 
an extender made of matching thermocouple wire can be 
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used. This shifts the cold junction from the user termina- 
tion to the end of the extender so that the LT1025 can be 
located remotely from the user termination as shown in 
Figure 2. 



CONNECTOR JUNCTION 


Figure 2 

The four thermocouple outputs on the LT1025 are 
60.fyV/°C (E), 51.7/M°C (J), 40.6^V/°C (K and T), and 
6/iV/°C (R and S). These particular coefficients are chosen 
to match the room temperature (25°C) slope of the thermo- 
couples. Over wide temperature ranges, however, the 
slope of thermocouples changes, yielding a quasi-para- 
bolic error compared to a constant slope. The LT1025 
outputs have a deliberate parabolic “bow” to help com- 
pensate for this effect. The outputs can be mathematically 
described as the sum of a linear term equal to room tem- 
perature slope plus a quadratic term proportional to 
temperature deviation from 25°C squared. The coefficient 
(0) of the quadratic term is a compromise value chosen to 
offer improvement in all the outputs. 

V O UT=aT + a0(T-25 0 ) 2 
0«5.5x1O -4 

The actual 0 term which would be required to best com- 
pensate each thermocouple type in the temperature range 
of 0°C to 50°C is: E, 6.6 x 1 0 - 4 ; J, 4.8 x 1 0 - 4 ; K, 4.3 x 1 0 - 4 ; 
R, 1.9x10 _3 ;S, 1.9x10 _3 ;T, 1 xIO" 3 . 

The temperature error specification for the LT1025 
10mV/°C output (shown as a graph) assumes a 0 of 
5.5x10~ 4 . For example, an LT1025 is considered 
“perfect" if its 10mV/°C output fits the equation 
Vo= 10mV(T)+(10mV)(5.5x 10~ 4 )(T-25 o C) 2 . 

Operating at Negative Temperatures 

The LT1025 is designed to operate with a single positive 
supply. It therefore cannot deliver proper outputs for tem- 
peratures below zero unless an external pull-down resistor 
is added to the V 0 output. This resistor can be connected 
to any convenient negative supply, it should be selected to 
sink at least 30/tA of current. Suggested value for a - 5V 


supply is 150kfi, and for a - 15V supply, 47(M Smaller re- 
sistors must be used if an external load is connected to 
the 10mV/°C output. The LT1025 can source up to 1mA of 
current, but there is a trade-off with internal temperature 
rise. 

Internal Temperature Rise 

The LT1025 is specified for temperature accuracy assum- 
ing no internal temperature rise. At low supply voltages 
this rise is usually negligible (=0.05°C@5V), but at higher 
supply voltages or with external loads or pull-down cur- 
rent, internal rise could become significant. This effect 
can be calculated from a simple thermal formula, 
AT = (0ja) (V + ) (Iq+Il), where 0ja is thermal resistance 
from junction to ambient, (=130°C/W), V + is the LT1025 
supply voltage, Iq is the LT1025 supply current (=80/iA), 
and II is the total load current including actual load to 
ground and any pull-down current needed to generate 
negative outputs. A sample calculation with a 15V supply 
and 50/iA pull-down current would yield, (130°C/W) (15V) 
(80+50/iA)=0.32°C. This is a significant rise in some ap- 
plications. It can be reduced by lowering supply voltage (a 
simple fix is to insert a 10V zener in the Vin lead) or the 
system can be calibrated and specified after an initial 
warm-up period of several minutes. 

Driving External Capacitance 

The direct thermocouple drive pins on the LT1025 (J, K, 
etc.) can be loaded with as much capacitance as desired, 
but the 10mV/°C output should not be loaded with more 
than 50pF unless external pull-down current is added, or a 
compensation network is used. 

Thermocouple Effects in Leads 

Thermocouple voltages are generated whenever dissimilar 
materials are joined. This includes the leads of 1C pack- 
ages, which may be kovar in TO-5 cans, alloy 42 or copper 
in dual-in-line packages, and a variety of other materials in 
plating finishes and solders. The net effect of these ther- 
mocouples is “zero” if all are at exactly the same tempera- 
ture, but temperature gradients exist within 1C packages 
and across PC boards whenever power is dissipated. For 
this reason, extreme care must be used to ensure that no 
temperature gradients exist in the vicinity of the thermo- 
couple terminations, the LT1025, or the thermocouple am- 
plifier. If a gradient cannot be eliminated, leads should be 
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positioned isothermal ly, especially the LT1025 R~ and 
appropriate output pins, the amplifier input pins, and the 
gain setting resistor leads. An effect to watch for is am- 
plifier offset voltage warm-up drift caused by mismatched 
thermocouple materials in the wire-bond/lead system of 
the 1C package. This effect can be as high as tens of mi- 
crovolts in TO-5 cans with kovar leads. It has nothing to do 
with the actual offset drift specification of the amplifier 
and can occur in amplifiers with measured “zero” drift. 
Warm-up drift is directly proportional to amplifier power 
dissipation. It can be minimized by avoiding TO-5 cans, 
using low supply current amplifiers, and by using the low- 
est possible supply voltages. Finally, it can be accommo- 
dated by calibrating and specifying the system after a five 
minute warm-up period. 

Reversing the Polarity of the 10mV/°C Output 

The LT1025 can be made to “stand on its head” to achieve 
a minus 10mV/°C output point. This is done as shown in 
Figure 3. The normal output (Vo) is grounded and feedback 
is established between the ground pin and the positive 
supply pin by feeding both of them with currents while 
coupling them with a 6 V zener. The ground pin will now be 
forced by feedback to generate - 10mV/°C as long as the 
grounded output is supplying a net “source" current into 
ground. This condition is satisfied by selecting R1 such 
that the current through R1 (I - ) is more than the sum of 
the LT1025 supply current, the maximum load current (10, 
and the minimum zener current ( = 50^A). R2 is then 
selected to supply more current than I _ . 


V+ (15V) 



R1 _ V- R2 _ V + - V Z (~6V) 

300/iA + l L V'/RI + 280/iA 

For ± 15V supplies, with Il=20(iA maximum, R1 = 47k and 
R2 = 15k. 

Amplifier Considerations 

Thermocouple amplifiers need very low offset voltage and 
drift, and fairly low bias current if an input filter is used. The 
best precision bipolar amplifiers should be used for type J, 
K, E, and T thermocouples which have Seebeck coefficients 
of 40-6(VV/°C. In particularly critical applications or for R 
and S thermocouples (6-15/tV/°C), a chopper-stabilized am- 
plifier is required. Linear Technology offers three amplifiers 
specifically tailored for thermocouple applications. The 
LTKAOx is a bipolar design with extremely low offset 
(<35/iV), low drift (<1.5/iV/°C), very low bias current (<1nA), 
and almost negligible warm-up drift (supply current is 
=400/tA). It is very cost effective even when compared with 
“jellybean” op amps with vastly inferior specifications. 

For the most demanding applications, the LTC1050 and 
LTC1052 CMOS chopper-stabilized amplifiers offer 5/iV off- 
set and 0.05^V/°C drift (even over the full military tempera- 
ture range). Input bias current is 30pA, and gain is typically 
30 million. These amplifiers should be used for R and S 
thermocouples, especially if no offset adjustments can be 
tolerated, or a large ambient temperature swing is 
expected. 

Regardless of amplifier type, it is suggested that for best 
possible performance, dual-in-line (DIP) packages be used 
to avoid thermocouple effects in the kovar leads of TO-5 
metal can packages if amplifier supply current exceeds 
500/iA. These leads can generate both DC and AC offset 
terms in the presence of thermal gradients in the package 
and/or external air motion. 

In many situations, thermocouples are used in high noise 
environments, and some sort of input filter is required. 
(See discussion of input filters). To reject 60Hz pick-up 
with reasonable capacitor values, input resistors in the 
lOk-IOOk range are needed. Under these conditions, bias 
current for the amplifier needs to be less than 1 nA to avoid 
offset and drift effects. 

To avoid gain error, high open loop gain is necessary for 
single-stage thermocouple amplifiers with 10mV/°C or 
higher outputs. A type K amplifier, for instance, with 
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100mV/°C output, needs a closed loop gain of *2,500. An 
ordinary op amp with a minimum open loop of 50,000 
would have an initial gain error of (2,500)/(50,000) = 5%! 
Although closed loop gain is commonly trimmed, tempera- 
ture drift of open loop gain will have a very deleterious ef- 
fect on output accuracy. Minimum suggested open loop 
gain for type E, J, K, and T thermocouples is 250,000. This 
gain is adequate for type R and S if output scaling is 
10mV/°C or less. 


Suggested Amplifier Types 


THERMOCOUPLE 

SUPPLY VOLTAGE 

± 15V ±5V SINGLE SUPPLY 

E, J, K,T 

LTKAOx LTKAOx LTC1050 

LT1012 LT1012 LTC1052 

LT1001 LT1001 LT1006 

LTC1050 

LTC1052 

LT1006 

R, S 

LTKAOx LTC1050 LTC1050 

LT1012 LTC1052 LTC1052 

LTKAOx LT1006 


Thermocouple Nonlinearities 


Thermocouples are linear over relatively limited tempera- 
ture spans if accuracies of better than 2°C are needed. 
The graph in Figure 4 shows thermocouple nonlinearity for 
the temperature range of 0°C-400°C. Nonlinearities can 
be dealt with in hardware by using offsets, breakpoints, or 
power series generators. Software solutions include look- 
up tables, power series expansions, and piece-wise ap- 
proximations. For tables and power series coefficients, 
the reader is referred to the ASTM Publication 470A. 

Hardware correction for nonlinearity can be as simple as 
an offset term. This is shown in Figure 5. The thermocou- 
ple shown in the figure has an increasing. slope (a) with 
temperature. The temperature range of interest is between 
Tl and Th, with a calibration point at Tm- If a simple ampli- 
fier is used and calibrated at Tm, the output will be very 
high at Tl and very low at Th. Adding the proper offset 
term and calibrating at T1/6 or T5/6 can significantly re- 
duce errors. The technique is as follows: 

1. Calculate amplifier gain: 



0 50 100 150 200 250 300 350 400 

TEMPERATURE (»C) 


Figure 4. Thermocouple 
Nonlinearity, 0°C-400°C 



0 T l T1/6 T m T5/6 T h 

TEMPERATURE (°C) 


Figure 5. Offset Curve Fitting 


2. Use precision resistors to set gain or calibrate gain by 
introducing a precision “delta” input voltage and 
trimming for proper “delta” output. 

3. Calibrate output by adding in a true offset term which 
does not affect gain (by summing, etc.). Calibration 
may be done at any temperature either by immersing 
the thermocouple in a calibrated bath or by substitut- 
ing a precision input voltage. The method which tends 
to minimize worst-case error over the whole Tl to Th 
range is to calibrate at 1/6 or 5/6 of span. This may be 
modified if best accuracy is desired at one particular 
point. 


G= (SF)(Th-Tl)/(Vh-Vl) Breakpoint correction for nonlinearity is more compli- 

SF = Output scale factor, e.g., 10mV/°C cated than a simple offset, but a single breakpoint com- 

Vh= T hermocouple output @ Th bined with offset will reduce errors typically by 4:1 over a 

Vl = T hermocouple output @ Tl simple offset technique. 
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APPUCflTIOn CIRCUITS 


Eliminating Amplifier Feedback Resistors Type K Thermometer with Grounded Thermocouple 

(Output Goes Negative with Increasing Temperature) 


15V 



R3 


R2 255k 

lOOfl 1% V + 



*R4< ^ r IF OUTPUT MUST SINK CURRENT, Rs 


MUST BE DECREASED APPROPRIATELY. R4 IS NOT 
REQUIRED (OPEN) FOR LT1025 TEMPERATURES >0°C 
WHEN SOURCING CURRENT ONLY. 
ttOR EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS’’ 


Differential Thermocouple Amplifier 


Utilizing Negative LT1025 Drive to 
Accommodate Grounded Thermocouple* 


cr 



*C1 AND C2 FILTER RIPPLE AND NOISE, BUT WILL LIMIT AC COMMON-MODE REJECTION IF NOT 
MATCHED. SUGGESTED VALUES ARE 0.00 VF TO 0.1 fiF. 

**USE LOWEST POSSIBLE SUPPLY VOLTAGE TO MINIMIZE INTERNAL TEMPERATURE RISE, 
t FOR BEST ACCURACY, THERMOCOUPLE RESISTANCE SHOULD BE LESS*THAN 1000. 
ft OR EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS’’ 


15V 



*SEE “REVERSING THE POLARITY OF THE 10mV/°C OUTPUT’’ 
ttoR EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS’’ 


rruum 
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LT1025 


Type S Thermocouple Amplifier with Ultra-Low Offset and Driftt Grounded Thermocouple Amplifier with Positive Output 



‘TRIM R5 FORV OU T=1.669V@V| N = 0.000mV ( + INPUT OF AMPLIFIER GROUNDED) 

“TRIM R2 FOR V 0ut = 9.998V@T = 1000°C, OR FOR V||\j@ + INPUT OF AMPLIFIER = 9.585mV 
1" THIS AMPLIFIER HAS A DELIBERATE OFFSET TO ALLOW OUTPUT SLOPE (10mV/°C) TO BE SET 
INDEPENDENTLY FROM AN ARBITRARY HIGH TEMPERATURE CENTER POINT (1000°C). THIS IS 
REQUIRED BECAUSE THE SLOPE OF TYPE “S” THERMOCOUPLES VARIES RAPIDLY WITH 
TEMPERATURE, INCREASING FROM 6/xV/°C@25°C TO 1 W°C@1000°C. NONLINEARITY LIMITS 
ACCURACY TO «3°C OVER THE 800°C TO 1200°C RANGE EVEN WITH OFFSET CORRECTION. 



‘FOR BEST ACCURACY, THERMOCOUPLE RESISTANCE 
SHOULD BE LESS THAN 50fi 
“SELECTED FOR 0°C TO 200°C RANGE 
tt OR EQUIVALENT. SEE “AMPLIFIER CONSIDERATIONS’ 


PACKAGE DCSCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


J Package 
8 Lead Hermetic DIP 


N Package 
8 Lead Molded DIP 
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LTC1043 


TECHNOLOGY Dual Precision Instrumentation 
Switched-Capacitor Building Block 


F€RTUR€S 

■ Instrumentation Front End with 120dB CMRR 

■ Precise, Charge-Balanced Switching 

■ Operates from 3 V to 18V 

■ Internal or External Clock 

■ Operates up to 5MHz Clock Rate 

■ Low Power 

■ Two Independent Sections with One Clock 


RPPUCRTIORS 

■ Precision Instrumentation Amplifiers 

■ Ultra Precision Voltage Inverters, Multipliers and 
Dividers 

■ V-F and F-V Converters 

■ Sample and Hold 

■ Switched-Capacitor Filters 


D€SCftlPTIOn 

The LTC1043 is a monolithic, charge-balanced, dual 
switched-capacitor instrumentation building block. A 
pair of switches alternately connects an external capaci- 
tor to an input voltage and then connects the charged ca- 
pacitor across an output port. The internal switches have 
a break-before-make action. An internal clock is provided 
and its frequency can be adjusted with an external capac- 
itor. The LTC1043 can also be driven with an external 
CMOS clock. 

The LTC1043, when used with low clock frequencies, 
provides ultra precision DC functions without requiring 
precise external components. Such functions are dif- 
ferential voltage to single-ended conversion, voltage in- 
version, voltage multiplication and division by 2, 3, 4, 5, 
etc. The LTC1043 can also be used for precise V-F and 
F-V circuits without trimming, and it is also a building 
block for switched-capacitor filters, oscillators and 
modulators. 

The LTC1043 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 


Instrumentation Amplifier 


+ 5V 



m COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES 

LTCMOS 1 m is a trademark of Linear Technology Corporation 


CMRR vs Frequency 
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LTC1043 


absolute mnximum RRTinGs 


Supply Voltage (V + to V - ) 18V 

Input Voltage 

atAnyPin V“ -0.3 V<Vin <V+ +0.3V 

Operating Temperature Range 

LTC1043C -40°C<Ta<85°C 

LTC1043M -55°C<Ta<125°C 


Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORfllRTIOn 




ORDER PART 

SHbE 


77J S3B 

NUMBER 

C B + I1 


]T|v- 


Cb-E 


Ucosc 


v+ [7 


TFl S4B 


S2B^ 


"iT| S4A 

LTC1043CN 

S1B E 


T[]S3A 

LTC1043MD 

S1A [7 


Uca- 


S2A 01 




nc|T 


To] sh a 



€L€CTRICRL CHARACTERISTICS V + = 10V, V~ =0V, Ta = 25°C unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1043M 

MIN TYP MAX 

LTC1043C 

MIN TYP MAX 

UNITS 

•s 

Power Supply Current 

Pin (16) Connected High or Low 


0.25 0.4 

0.25 0.4 

mA 




• 

0.7 

0.7 

mA 



C 0 sc (Pin 16 to V~) = 100pF 


0.4 0.65 

0.4 0.65 

mA 




• 

1 

1 

mA 

li 

OFF Leakage Current 

Any Switch, Test Circuit 1 (Note 1) 


6 100 

6 100 

pA 





6 500 

6 

nA 

Ron 

ON Resistance 

Test Circuit 2, V m = 7V, 1= ± 0.5mA 


240 400 

240 400 

n 



V+=10V, V - =0V 


700 

700 

n 

JO 

0 

ON Resistance 

Test Circuit 2, V| N = 3. 1 V, 1= ±0.5mA 


400 700 

400 700 

0 



V+=5V, V“=0V 


1 

1 

kfi 

fosc 

Internal Oscillator Frequency 

C 0 sc (P' n 16 to V~) = 0pF 


185 

185 

kHz 



C 0 sc (Pin 16 to V“) = lOOpF 


20 34 50 

20 34 50 

kHz 



Test Circuit 3 


15 75 

15 75 

kHz 

•osc 

Pin Source or Sink Current 

Pin 16 at V + or V “ 


40 70 

40 70 

mA 





100 

100 

mA 


Break-Before-Make Time 



25 

25 

ns 


Clock to Switching Delay 

Cose Pin Externally Driven 


75 

75 

ns 


Maximum External CLK Frequency 

C 0 sc Pin Externally Driven with CMOS 


5 

5 

MHz 



Levels 





CMRR 

Common-Mode Rejection Ratio 

V+ = 5V, V = — 5V, -5V<V cm <5V, DC 


120 

120 

dB 



to 400Hz 






The • denotes the specifications which apply over the full operating Note 1: OFF leakage current is guaranteed but not tested at 25°C. 

temperature range: LTC1043M operates from -55°C<T A <125°C; 

LTC1043C operates from -40°C<T A <85°C. 
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fosc (Hz) _ R on (0) SUPPLY CURRENT (mA) 


LTC1043 


TVPicm PCRfonmnnce chrrrctcristics (Test Circuits 2 through 4) 


Power Supply Current vs 

Power Supply Voltage R 0N vs V !N Ron vs Vin 



v supply(V) V| N (V) V| N (V) 


Ron (Peak) vs Power Supply Ron (Peak) vs Power Supply 

Ron vs Vin Voltage Voltage and Temperature 



2 4 6 8 10 12 14 16 18 20 

V|N(V) 

0 2 4 6 8 10 12 14 16 18 20 

^SUPPLY (V) 

0 2 4 6 8 10 12 14 16 

VsuPPLY (V) 

Oscillator Frequency, fosc, 
vs Cqsc 

Oscillator Frequency, fosc, 
vs Supply Voltage 

Normalized Oscillator 
Frequency, fosc, vs Supply 
Voltage 



0 

2k 

4k 6k 

8k 

10k 

0 

2 4 6 8 10 12 14 16 18 20 

0 2 4 6 8 10 12 14 16 18 20 



Cose (PF) 




^SUPPLY (V) 

^SUPPLY (V) 
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LTC1043 


TYPICAL PCMOMtMCC CHMUKTCMSTKS (Test Circuits 2 through 4) 


Oscillator Frequency, fosc> vs 



-50 -25 0 25 50 75 100 125 


Cose Pin I SINK > (SOURCE VS 
Supply Voltage 



Break-Before-Make Time, t nov , 
vs Supply Voltage 



0 2 4 6 8 10 12 14 16 18 20 


AMBIENT TEMPERATURE (°C) 


VSUPPLY (V) 


BLOCK DlflGRflm 


r~ ---j 


S1A: : ' S2A 



THE CHARGE BALANCING CIRCUITRY SAMPLES THE VOLTAGE 
AT S3 WITH RESPECT TO S4 (PIN 16 HIGH) AND INJECTS A 
SMALL CHARGE AT THE C+ PIN (PIN 16 L0WV 
THIS BOOSTS THE CMRR WHEN THE LTC1043 IS USED AS AN 
INSTRUMENTATION AMPLIFIER FRONT END. 

FOR MINIMUM CHARGE INJECTION IN OTHER TYPES OF 
APPLICATIONS, S3A AND S3B SHOULD BE GROUNDED. 
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LTC1043 


TEST CIRCUITS 



Test Circuit 1. Leakage Current Test 


Test Circuit 2. Ron Test 



Test Circuit 3. Oscillator Frequency, fosc 



PINS 11 AND 12 SHOULD BE PLACED 
OVER A SHIELD TIED TO PIN 10. 


CAPACITORS ARE 
NOT ELECTROLYTIC 


Test Circuit 4. CMRR Test 


APPLICATORS MFORmATIOn 

Common-Mode Rejection Ratio (CMRR) 

The LTC1043, when used as a differential to single-ended 
converter (Figure 1) rejects common-mode signals and 
preserves differential voltages. Unlike other techniques, 
the LTC1043’s CMRR does not degrade with increasing 
common-mode voltage frequency. During the sampling 
mode, the impedance of pins 2, 3 (and 11,12) should be 
reasonably balanced, otherwise, common-mode signals 
will appear differentially. The value of the CMRR depends 
on the value of the sampling and holding capacitors (Cs , 
Ch ) and on the sampling frequency. Since the common- 
mode voltages are not sampled, the common-mode signal 
frequency can well exceed the sampling frequency without 
experiencing aliasing phenomena. The CMRR of Figure 1 



Figure 1 . Differential to Single-Ended Converter 


XTU32S 
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LTC1043 


APPUCATIOAS lAFOAfYlATIOfl 

is measured by shorting pins 7 and 13 and by observing, 
with a precision DVM, the change of the voltage across Ch 
with respect to an input CM voltage variation. During the 
sampling and holding mode, charges are being transferred 
and minute voltage transients will appear across the 
holding capacitor. Although the Ron on the switches is low 
enough to allow fast settling, as the sampling frequency in- 
creases, the rate of charge transfer increases and the 
average voltage measured with a DVM across it will in- 
crease proportionally; this causes the CMRR of the sam- 
pled data system, as seen by a “continuous” instrument 
(DVM), to decrease, Figure 2. 

Switch Charge Injection 

Figure 3 shows one out of the eight switches of the 
LTC1043, configured as a basic sample and hold circuit. 
When the switch opens, a “hold step’ ’ is observed and its 
magnitude depends on the value of the input voltage. 
Figure 4 shows charge injected into the hold capacitor. For 
instance, a 2pCb of charge injected into a 0.0 VF capacitor 
causes a 200 /tV hold step. As shown in Figure 4, there is a 
predictable and repeatable charge injection cancellation 
when the input voltage is close to half the supply voltage of 
the LTC1 043. This is a unique feature of this product, con- 
taining charge-balanced switches fabricated with a self- 
aligning gate CMOS process. Any switch of the LTC1043, 
when powered with symmetrical dual supplies, will 
sample and hold small signals around ground without any 
significant error. 



♦OSC (Hz) 


Figure 2. CMRR vs Sampling 
Frequency 


Shielding the Sampling Capacitor for Very High CMRR 

Internal or external parasitic capacitors from the C+ pin(s) 
to ground affect the CMRR of the LTC1043, (Figure 1). 
The common-mode error due to the internal junction ca- 
pacitances of the C + pin(s) 2 and 1 1 is cancelled through 
internal circuitry. The C + pin, therefore, should be used 
as the top plate of the sampling capacitor. The interpin 
capacitance between pin 2 and dummy pin 1 (11 and 10) 
appears in parallel with the sampling capacitor so it does 
not degrade the CMRR. A shield placed underneath the 
sampling capacitor (Figure 5) and connected to either pin 1 
or 3 helps to boost the CMRR in excess of 1 20dB. 

Excessive external parasitic capacitance between the C~ 
pins and ground indirectly degrades CMRR; this 
becomes visible especially when the LTC1043 is used 
with clock frequencies above 2kHz. Because of this, if a 
shield is used, the parasitic capacitance between the 
shield and circuit ground should be minimized. 

It is recommended that the outer plate of the sampling 
capacitor be connected to the C~ pin(s). 

Input Pins, SCR Sensitivity 

An internal 60f2 resistor is connected in series with the in- 
put of the switches (pins 5, 6, 7, 8, 13, 14, 15, 18)and it 
is included in the Ron specification. When the input 
voltage exceeds the power supply by a diode drop, cur- 
rent will flow into the input pin(s). The LTC1043 will not 



Figure 3 






LTC1043 


Appuamons mfonmnnon 


latch until the input current reaches 2mA-3mA. The 
device will recover from the latch mode when the input 
drops 3V-4V below the voltage value which caused the 
latch. For instance, if an external resistor of 2000 is con- 
nected in series with an input pin, the input can be taken 
1 .3 V above the supply without latching the 1C. The same 
applies for the C + and C~ pins. 

Cose Pin (16), Figure 6 

The Cose pin can be used with an external capacitor, 
Cose , connected from pin 16 to pin 17, to modify the in- 
ternal oscillator frequency. If pin 16 is floating, the inter- 
nal 24pF capacitor plus any external interpin capacitance 
set the oscillator frequency around 190kHz with ±5V 
supply. The typical performance characteristics curves 
provide the necessary information to set the oscillator fre- 


quency for various power supply ranges. Pin 16 can also 
be driven with an external clock to override the internal 
oscillator. Although standard 7400 series CMOS gates do 
not guarantee CMOS levels with the current source and 
sink requirements of pin 16, they will in reality drive the 
Cose pin. CMOS gates conforming to standard B series 
output drive have the appropriate voltage levels and more 
than enough output current to simultaneously drive sev- 
eral LTC1043 Cose pins. The typical trip levels of the 
Schmitt trigger, Figure 6, are given below. 


SUPPLY 

TRIP LEVELS 

V + =5V, V" =0V 

V H =3.4V 

Vl = 1.35V 

V+=10V, V - =ov 

Vh=6.5V 

V l = 2.8V 

V+=15V, V“=0V 

Vh =9.5V 

Vl=4.1V 



0 L JJt — I — JLI ¥ I I I I 

0 2 4 6 8 10 12 14 16 


V in (V) 

Figure 4. Individual Switch 
Charge Injection vs Input 
Voltage 



Figure 5. Printed Circuit Board Layout Showing Shielding 
the Sampling Capacitor 


v+ 



Figure 6. Internal Oscillator 
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LTC1043 


APPUCATIOAS 


Voltage Controlled Current Source with 

Single 5V Supply, Ultra Precision Instrumentation Amplifier Ground Referred Input and Output 




Precision Instrumentation Amplifier 



Ibias = 1 nA 
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LTC1043 



FOR 1V<V, n < 4V, THE HOLD STEP IS <300/*V. 
ACQUISITION TIME ~8x Ron C h FOR 10-BIT ACCURACY. 

Single Supply Precision Linearized Platinum RTD Signal Conditioner 


250k* (LINEARITY CORRECTION LOOP) 



REPEAT AS REQUIRED. 
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LTC1043 


PACKAGE DESCAIPTIOA Dimensions in inches (millimeters) unless otherwise noted. 


D Package 
18 Lead Side Brazed 




T jmax 

©ja 

LTC1043MD 

150°C 

100°C/W 

LTC1043CD 

150°C 

100°C/W 


N Package 
18 Lead Plastic DIP 
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LTC1043CS 


TECHNOLOGY Dual Precision Instrumentation 
Switched-Capacitor Building Block 


F€RTUR€S 

■ Instrumentation Front End with 120dB CMRR 

■ Precise, Charge-Balanced Switching 

■ Operates from 3V to 18V 

■ Internal or External Clock 

■ Operates up to 5MHz Clock Rate 

■ Low Power 

■ Two Independent Sections with One Clock 


nppucflTions 

■ Precision Instrumentation Amplifiers 

■ Ultra Precision Voltage Inverters, Multipliers and 
Dividers 

■ V-F and F-V Converters 

■ Sample and Hold 

■ Switched-Capacitor Filters 


DCSCRIPTIOn 

The LTC1043 is a monolithic, charge-balanced, dual 
switched-capacitor instrumentation building block. A 
pair of switches alternately connects an external capaci- 
tor to an input voltage and then connects the charged ca- 
pacitor across an output port. The internal switches have 
a break-before-make action. An internal clock is provided 
and its frequency can be adjusted with an external capac- 
itor. The LTC1043 can also be driven with an external 
CMOS clock. 

The LTC1043, when used with low clock frequencies, 
provides ultra precision DC functions without requiring 
precise external components. Such functions are dif- 
ferential voltage to single-ended conversion, voltage in- 
version, voltage multiplication and division by 2, 3, 4, 5, 
etc. The LTC1043 can also be used for precise V-F and 
F-V circuits without trimming, and it is also a building 
block for switched-capacitor filters, oscillators and 
modulators. 

The LTC1043 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 


Instrumentation Amplifier 


CMRR vs Frequency 


+ 5V 



TM COMMON-MODE INPUT VOLTAGE INCLUDES THE SUPPLIES 

LTCMOS ^ is a trademark of Linear Technology Corporation 
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LTC1043CS 


absolute mnximum ratiags 

Supply Voltage 18V 

Input Voltage 

at Any Pin -0.3V<V| N <V+ +0.3V 

Operating Temperature Range -40 °C<Ta<85°C 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IRFORfflATlOA 




TOP VIEW 


ORDER PART 





NUMBER 

shb [T 



18j S3B 


C B + [I 



m v- 

LTC1043CS 

C B - [7 



1 c osc 


v+ [7 

■ 


JU S4B 


S2B [7 



IT) S4A 


SIB [7 



13| S3A 


S1A IZ 



11 C A' 


S2A [7 



13 c A + 

PART MARKING 

nc [7 



sh a 




cia PAPKAGF 


LTC1043CS 



O to rnv/nnuC 

PLASTIC SOL 




€L€CTAICAL CHAAACT€AISTICS V + = 10V, V " = 0V, Ta = 25°C unless otherwise specified. 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1043C 

MIN TYP MAX 

UNITS 

Is 

Power Supply Current 

Pin 16 Connected High or Low 


0.25 0.4 

mA 




• 

0.7 

mA 



C OS c(Pin16toV)=100pF 


0.4 0.65 

mA 




• 

1 

mA 

ll 

OFF Leakage Current 

Any Switch, Test Circuit 1 (Note 1) 


6 100 

pA 




• 

6 

nA 

Ron 

ON Resistance 

Test Circuit 2, V )N = 7V, 1 = ± 0.5mA 


240 400 

Q 



v + =iov,r =ov 

• 

700 


Ron 

ON Resistance 

Test Circuit 2, V tN = 3.1 V, 1 = ± 0.5mA 


400 700 

Q 



£ 

u 

i 

> 

§5 

ii 

> 

• 

1 

kil 

fosc 

Internal Oscillator Frequency 

Cosc (Pin 16 to V “) = OpF 


185 

kHz 



Cqsc (Pin 16toV)=100pF 


20 34 50 

kHz 



Test Circuit 3 

• 

15 75 

kHz 

lose 

Pin Source or Sink Current 

Pin 16at V + orV~ 


40 70 

M A 




• 

100 



Break-Before-Make-Time 



25 

ns 


Clock to Switching Delay 

Cosc P |n Externally Driven 


75 

ns 


Maximum External CLK Frequency 

Cosc Pin Externally Driven with CMOS Levels 


5 

MHz 

CMRR 

Common-Mode Rejection Ratio 

V + = 5V, V- = - 5V, - 5V< V CM <5V, DC 


120 

dB 



to 400Hz 





The • denotes specifications which apply over the full operating 
temperature range. LTC1043 operates from - 40°C<T A <85°C. 
Note 1: OFF leakage current is guaranteed but not tested at 25°C. 
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LT1088 


TECHNOLOGY 


Wideband RMS-DC Converter 


Building Block 


FCRTURCS 

■ 300MHz 3dB Bandwidth 

■ 1 % Accuracy DC-50MHz 

■ 2% to 100MHz 

■ Bandwidth Flat Over Input Voltage Range 

■ 50:1 Crest Factor 

■ 20:1 Dynamic Range 

■ 35V Peak Input 

■ Thermally Based Operation 

■ Fully Specified Thermal and Electrical Parameters 

■ Standard 1C Packages 

■ Resistive Inputs 

RPPUCRTIORS 

■ Wideband RMS Voltmeters 

■ RF Leveling Loops 

■ Wideband AGC 

■ High Crest Factor Measurements 

■ SCR Power Monitoring 


DCSCRIPTIOR 

The LT1088 is a thermally based RMS-DC converter build- 
ing block. It converts the input waveform to heat. Using ex- 
ternal circuitry, the thermal signal is expressed as a DC 
output voltage. 

LTC’s proprietary thermal packaging process permits 
accurate thermal signal processing in a standard 1C pack- 
age. The thermal method provides far greater bandwidth 
than RMS converters based on logarithmic computing 
techniques. The LT1088’s high voltage breakdown allows 
crest factor measurements of 50:1 and operation over a 
20:1 input dynamic range. Resistive inputs of 500 or 2500 
accommodate drive from a wide variety of sources. 



XTUDS® 
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LT1088 


absolute mnximum ratiags 


Voltage on Any Pin V - + 40V to V ~ 

Voltage from Channel A to Channel B 100V 

Reverse Diode Voltage 3.5V 

Forward Diode Current 15mA 

Input Power (25°C) 0.375W 

Peak Input Power (30 sec) 0.435W 

Derate Power at - 3mW/°C above 25°C 

Maximum Die Temperature 150°C 

Peak Die Temperature (30 sec) 175°C 

Functional Temperature Range - 55°C to 125°C 

Operating Temperature Range - 40°C to 85°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PACKAGE/ORDER IflFORfflATlOA 



CL€CTAICAL CHARACTERISTICS Ta = 25°C, unless otherwise noted (See Note 1) 


PARAMETER 

| CONDITIONS 



| MIN 

TYP 

MAX | 

| UNITS 

Input Heaters 

500 Input 



40 

50 

60 

0 

2500 Input 



200 

250 

300 

0 

500 Temperature Coefficient 


• 

2000 

ppm/°C 

2500 Temperature Coefficient 


• 

2000 

ppm/°C 

500 Temperature Coefficient Match 

Input A to Input B 

• 


30 

500 

ppm 

2500 Temperature Coefficient Match 

Input A to Input B 

• 


30 

500 

ppm 

Resistance Matching 

500 Inputs 




2 

10 

% 


2500 Inputs 




2 

10 

% 

2500 to 500 Ratio Match 



-15 

0 

5 

% 

2500 to 500 Ratio Match 



• 


50 


ppm/°C 

Temperature Coefficient 








Output Diodes 

Forward Voltage 

l = 5mA 


| 0.6 

0.7 

0.8 

V 

Forward Voltage Match 

Out A to Out B;l = 5mA 

• 

! 5 

mV 

Voltage Temperature Coefficient 

l = 5mA 

• 

| -1.6 

-1.75 

-1.9 

mV/°C 

Thermal Characteristics 

Thermal Resistance 

Either Die to Ambient 

LT1088CD 

• 

200 

300 

400 

°C/W 



LT1088CN 

• 

140 

210 

280 

°C/W 

Thermal Matching 

| Channel A to Channel B 

• 

| 30 

°C/W 

Thermal Cross Talk 

Channel A to Channel B 

LT1088CD 

• 


2500 


°C/W 



LT1088CN 

• 


1750 


°C/W 


The • denotes specifications which apply over full operating temperature range. 
Note 1: All electrical testing conducted at 25°C. 
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TVPICfll P£RFORmnnC£ CHRRRCT£RISTICS 


Figure 4’s Response vs 
Frequency— 50Q Input 



0.1 1 10 100 1000 
FREQUENCY (MHz) 


Figure 4’s Response vs 
Frequency-250G Input 


— 


II 

II II 








II II 







1 












II 

II II 


0.1 1 10 100 
FREQUENCY (MHz) 


Accuracy vs Frequency for 
Figure 4-250Q Input 



0 5 10 15 20 25 

INPUT FREQUENCY (MHz) 


Distribution of Diode Offset 
Voltage 


Distribution of Thermal 
Resistance 


Heater Resistance vs RMS 
Volts — 2500 Heater 


C/3 

Z 


50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

-5-4-3-2-10 1 2 3 4 5 

OFFSET FOR SIDE A vs B (mV) 


n 7X 



r 
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II 
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■ 




SI 

■ 
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■ 
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■ 
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■ 

■ 





» 
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■ 

■ 




u 

■ 

■ 




VS 










II 

■ 

















□ 

" L. 








y 



30 

25 

20 

15 

10 

5 

0 

-50 -30 -10 0 10 30 50 

THERMAL RESISTANCE DIFFERENCE -SIDE A vs B (°C/W) 















r 

tJ U 



j 

r 








250 260 270 280 290 300 310 320 330 
RESISTANCE (O) 


Heater Resistance vs RMS 
Volts — 5012 Heater 



50 51 52 53 54 55 56 57 58 59 60 61 62 
RESISTANCE (O) 


Figures 4’s Settling Time 
(LT1088CD) 



H0RIZ= 200ms/ DIV 


rr\m 


11-35 







LT1088 


APPUCATIOAS INFOAfflATlOA 

Pin Functions 

Ain 50Q, Bin 50(2, Ain 250(2, Bin 250(2 (Pins 2, 9, 3, 10): 
Heater input pins. Input and servo amplifier are connected 
to these pins. Since the LT1088 is symmetrical, either 
channel A or B may be used as the input. For higher input 
impedance, the 50(2 and 250(2 heaters may be series con- 
nected. No heater pin may be below V - or more than 40V 
above V - . Maximum heater dissipation must not exceed 
the absolute maximum ratings. 

Ain COM, Bin COM (Pins 1, 8): Common point for the 50(2 
and 250(2 input heaters, usually tied to ground. 

Aout + ) Bout + (Pins 12, 5): High side of the temperature 
sensing diodes. Normally they are driven at 5mA from the 
positive supply. No diode pin may be below V" or more 
than 40V above V". 

Aout”. Bout" (Pins 13, 6): Low side of the temperature 
sensing diodes. These pins are normally tied to ground. 
No diode pin may be below V“ or more than 40V above 

v-. 

V" (Pins 7, 14): These pins must be the most negative po- 
tential of the circuit, usually tied to ground. 

Parasitic Diodes 

As with all bipolar ICs the LT1088 contains parasitic 
diodes which must not be forward biased. The parasitic 
diodes, marked with asterisks, appear in Figure 1. The 


dashed lines indicate that all points of the heaters are 
parasitically diode connected to V _ . 

Thermal Considerations 

Because the LT1088’s operation depends on thermal 
symmetry, it is sensitive to external temperature 
gradients. This is particularly the case for small inputs, 
which cause the device to run very close to ambient tem- 
perature. The device should be mounted in an area which 
is isothermal and free of drafts. Power generating compo- 
nents should be kept away from the LT1088 and particular 
caution taken in fan cooled equipment. Under normal 
conditions no thermal baffle or enclosure is required. Un- 
der no circumstances should a heat sink be used. 

Heater Protection 

Most LT1088 failures will be caused by excessive heater 
drive. Input power (25°C) is specified at 375mW with 30 
second excursions to 435mW permitted. These figures are 
derated by - 3mW/°C above 25°C. Figure 2 plots safe 
operating limits for input duty cycle vs input voltage. Ac- 
cidental heater overdrives can damage or destroy the 
LT1088. In situations where overdrive may occur, some 
form of heater protection should be employed. Suggested 
circuits appear in the applications section. 



‘DENOTES PARASTIC DIODE, 

SEE APPLICATIONS INFORMATION 



0 20 40 60 80 100 

INPUT DUTY CYCLE (%) 


Figure 1 


Figure 2. Safe Operating Limits 
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Filtering 

The LT1088’s thermal time constant provides effective low 
pass filtering. Low frequency cut-off is set by servo loop 
time constants. For the 3300pF value given in the basic 
RMS-DC application, the circuit begins to follow the input 
below about 50Hz. Normally, this is not a problem, be- 
cause the LT1088’s primary application will be at high 
frequency. Lower frequency operation is obtainable by in- 
creasing the 3300pF value, although settling time will in- 
crease proportionally. 

Crest Factor 

Crest factor is defined as the ratio of peak input voltage to 
RMS value. Crest factor performance is set by 1C break- 
down limits and the usable low input power range. Break- 
down limits are a function of processing. The usable low 
input power range is a basic signal-to-noise conflict. Low 
input power produces small amounts of signal. This 
makes accurate, stable discrimination between desired in- 
puts and ambient thermal phenomena uncertain and 
noisy. These constraints set crest factor at 50:1 for the 50Q 
input and 40:1 for the 250Q input. 

Layout 

At frequencies above 10MHz, input connections require 
care. Parasitic inductance builds quickly in wire runs, so 


the LT1088’s input heater lead should be directly con- 
nected to the source to be measured. It is also wise to 
shield the input line from the rest of the circuit. The heater 
common should be returned directly to a ground plane. An 
additional precaution is to mount the 0.01/iF bypass 
capacitors right at the LT1088 package. These units mini- 
mize the effects of RF pick-up by the temperature sensing 
diodes. 

Accuracy 

Amplitude measurement at high frequency to significant 
accuracy is difficult because of parasitic effects. At fre- 
quencies much above 5MHz, small parasitic capacitive 
and inductive terms become important. The accuracy fig- 
ures quoted for the applications circuits were taken 
against certified standards utilizing direct and transfer 
techniques. Thermal transfer standards (Fluke Model 
540B with A-55 converters) certified to 50MHz were used 
as references. The data above 50MHz was also taken with 
these references, although the individual units used had 
not been certified at these frequencies. The accuracy of 
units of this type which have been certified is normally in- 
side the tolerances listed, so there is good probability the 
data is valid. 


COPPER SHIELD 


LT 1 088 

.INPUT PIN SOLDERED 
DIRECTLY TO CONNECTOR 



INPUT 
BNC CONNECTOR 
(SHOWN IN X-RAY VIEW) 


CIRCUIT BOARD 
WITH COMPONENTS 


Figure 3. Typical Evaluation Layout 
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Figure 4’$ Typical Specifications 


Accuracy: 


Crest Factor: 


50ft Input 


50ft Input 

50:1 

DC to 50MHz 

1 % FS 

250ft Input 

40:1 

DC to 100MHz 

2% FS 

3dB Bandwidth 

300MHz 

2500 Input 


Full-Scale Settling Time (1 %) 

500ms (LT1088CD) 

DC to 20MHz 

1 % FS 


710ms (LT1088CN) 

Temperature Effect on Accuracy 

100ppm/°C 

Input Voltage Range (25°C) 


Dynamic Range 20:1 (LT1088CD)/14:1 (LT1088CN) 

50ft Input 

4.25V 



250ft Input 

9.5V 
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APPLICATION 


Fast Settling RMS-DC Converter 
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Servo-Sensed Heater Protection Circuit (« 50ms Response) 



Diode Sensed Heater Protection Circuit (* 15ms Response) 



Discrete Input Buffer for the LT1088 


15V 
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LT1010 Buffert 



LT1010 Buffer with Gain of lOt 



tSee Summary of Buffer Characteristics table for buffer speed. 
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Wideband Discrete Buffer with Gain = IGt 


Eqs CONTROL 


330pF 


PNP = 2N3906 
NPN = 2N3904 
* lOpF TRIMMER 
(SEE TEXT) 



*SELECT FOR A1 
OUTPUT «OV WITH 
2k TRIM CENTERED AND 
INPUT GROUNDED. 
•SELECT FOR A2 
OUTPUT ~0V AND 
INPUT GROUNDED. 


I q CONTROL 


t See Summary of Buffer Characteristics table for buffer speed. 
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Summary of Buffer Characteristics 


Type of Buffer 

Slew Rate 

1% Error Bandwidth 

2500 Load 
(± IOVout) 

500 Load 
(±5 Vqut) 

Discrete-A=10 

3000V/jiS 

25MHz 

32MHz 

LT1010 Based — A = 10 

lOOVZ/tS 

0.75MHz 

2MHz 

Discrete— A = 1 

2000VVS 

15MHz 

25MHz 

LT1 01 0 Based — A = 1 

100V//iS 

0.75MHz 

2MHz 


RF Leveling Loop 


MULTIPLIER 


RF AMPLIFIER 



LEVELED 

OUTPUT 

IVrms 
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TECHNOLOGY 


High Side Switch 


F€ATUR€S DCSCRIPTIOA 


■ 7.5A Switch Capability 

■ Low Series Drop ( < 1 .5V @ 7.5A) 

■ Logic Input (Positive or Negative Logic) 

■ Current Limited 

■ Thermal Overload 

■ 5mA Quiescent Current 

■ 10/tS Risetime 


The LT1089 is a logic driven, high current, high side switch 
utilizing bipolar technology. The device is capable of driv- 
ing loads up to 7.5A with a low series drop of only 1 ,5V, and 
the series drop is specified over the full range of switch 
currents. The device has internal current limiting and ther- 
mal overload protection. The input logic is designed so 
that the output can drive loads referenced either above or 
below the device ground pin. Either positive or negative 
logic can be used to drive the input. The device is available 
in both TO-3 metal can and TO-220 plastic packages. 


BLOCK DIBGRBfn 


v cc 



LT1089 Switch Voltage vs Output 
Current 



01 23456789 10 

SWITCH CURRENT (A) 


TVPICAL APPLICATIONS 


Driving Ground Referred Loads Driving Negative Referred Loads 



12V 


LOGIC 

IN 


IT 1089 

T 



Driving inductive Loads 


nos* 

I 
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absolute maximum aatiags* 

Switch Voltage (Vcc - Vout) 30V 

Logic Input Voltage (Vin - GND) 15V 

Logic Input Voltage Range (Vin) .... (Vcc - 30V)< Vin < Vcc 
Ground Pin Voltage Range(GND) . (Vcc-30V)<GND<Vcc 
Operating Junction Temperature Range 

“M” Grades -55°Cto150°C 

“C" Grades 0°Cto125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


maximum operatiag 
specificatioas* 


Switch Voltage (Vcc - Vout) 20V 

Logic Input Voltage (Vin - GND) 5V 


Logic Input Voltage Range (Vin) .... (Vcc-20V)<V|n<Vcc 
Ground Pin Voltage Range (GND) . (Vcc- 20V) <GND < Vcc 

* Note: Absolute maximum ratings are those voltages that the device is 
rated to withstand on a transient basis without damage. Maximum operat- 
ing specifications are the maximum recommended operating voltages. 

The device is fully specified up to the maximum operating specifications. 
For voltages greater than the maximum operating specifications some de- 
vice parameters may exceed the data sheet limits. 


PACKAGE/ORDER lAFORmATlOA 



ELECTRICAL CHARACTERISTICS 


PARAMETER 

CONDITIONS (NOTE 1) 

MIN TYP MAX 

UNITS 

Output Saturation Voltage 

IswiTCH = 7.5A, (Vin - GND) = 5V 

• 

1.3 1.5 

V 


4V<(V cc -GND)<20V 




Input Voltage (V| N - GND) 

Switch ON, (Note 2) 





4V<(V CC -GND)<20V 


1.5 

V 



• 

2.4 

V 


Switch OFF, (Note 3) 





4V<(V cc -GND)<20V 


1.5 

V 



• 

0.8 

V 

Input Current 

Switch ON, (V, N - GND) = 5V 


-20 




• 

-100 

H A 


Switch OFF, (V 1N - GND) = 0V 


0 

/*A 



• 

±5 

/tA 

Ground Pin Current 

Switch ON, (V, N - GND) = 5V 


3.5 

mA 



• 

5.0 

mA 


Switch OFF, (V )N - GND) = 0V 


o 

m a 



• 

±20 

/tA 

Output Current 

Switch OFF, (V !N - GND) = 0V 

• 

5 10 

mA 

Current Limit 

Switch ON, (V, N - GND) = 5V 





(Vcc-V 0U t) = 5V 

• 

8.0 9.5 12.0 

A 


(Vcc-V out ) = 20V 

• 

0.5 1.0 1.5 

A 

Turn-On Delay 



1 

liS 



• 

10 

/*s 

Turn-Off Delay 



5 

/ts 



• 

20 

/tS 

Output Risetime 

R L0AD = 4fi 

! 

1 

10 

/tS 



• 

25 

IIS 
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€l€CTRICAl CHRRRCT€RISTICS 



The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Unless otherwise specified, (V cc - GND) = 20V and the output load 
is referred to the ground pin (GND) of the device. Positive current values are 
defined to flow out of the device. 


Note 2: For input voltages greater than 2.4V the device is guaranteed to be 
turned on. 1.5V is the typical threshold at 25°C. 

Note 3: For input voltages less than 0.8V, the device is guaranteed to be in 
an off state. 1 .5V is the typical switch threshold at 25°C. 

Note 4: For reactive loads such as large capacitors, the output falltime will 
be determined by the load. 
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nppucflTion HinTs 

The logic and ground pins function as a differential logic 
input with a common-mode range of Vcc to Vcc - 20V and 
a differential threshold voltage (Vlogic- GND) of 1.5V. 
Note that if either Logic In or GND are left open the switch 
remains inactive. 

The LT1089 must be protected against overvoltage at turn- 
off when driving inductive loads. The inductive flyback 
voltage can easily exceed the maximum operating switch 
voltage (Vcc-Vout) of 20V, potentially damaging the 
switch. The solution is to clamp the switch voltage to 20V 
or less with a zener diode. Remember that the switch can 
handle 7.5A and the zener may be required to handle the 
same amount of current. 


Care must be exercised when operating near the maxi- 
mum switch voltage. A high current or capacitive load may 
trip the current limit circuit at turn-on, thereby adversely 
affecting the risetime of Vout- The risetime is then gov- 
erned by the current limit divided by the load capacitance, 
while the falltime is a function of the complex load. In 
addition, at switch voltages greater than 18V the switch 
current must be less than 0.5A or the device output will not 
pull up. Check the short circuit current characteristics for 
more detailed information. 


PflCKAG€ DCSCRIPTIOn Dimensions in inches (millimeters) unless otherwise noted. 


K Package 

4-Lead TO-3 Metal Can 


T Package 
5-Lead TO-220 


0 320- 
(8 128- 

-0 350 
-8 890) 

0 760 - 0 775 
(19 30-19 69) 

1 

i 

1 


t J 

1 1 

1 

J 



t 

0 116 
(2 946) 
MAX 

0 420- 
(10 67- 

-0 480 0 038-0 043 

-12 19) (0 965-1 092 

) 




0 169-0 185 
(4 293-4 699) 


0015-0025 
(0 381 -0 635) 
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SECTION 12— MILITARY PRODUCTS 

INDEX 

MIL/ JAN Products 

Standard Military Drawings 

Hi-Rel 

MIL-STD-883 Product 

MIL-M-38510 Class B Flow 

MIL-M-38510 Class S Flow 

Military Sampling Plan 

MIL-STD-883 Test Methods 

Military Parts List 
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12-3 

12-4 

12-4 

12-4 

12-6 

12-7 

12-8 

12-9 

12-13 


NOTE 

Military product datasheets are available from your local LTC 
Sales Representative, or by calling LTC Communications at 
( 800 ) 637 - 5545 . 
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Linear Technology Corporation offers a comprehensive se- 
lection of precision voltage references, operational ampli- 
fiers, voltage regulators, comparators, and CMOS circuits 
designed specifically to serve the rigorous requirements of 
the military marketplace. 

The company’s specification system and quality proce- 
dures and policies were set up from the beginning to meet 
the exacting demands of MIL-Q-9858 (Quality Program 
Requirements), MIL-l-45208 (Inspection System Require- 
ments), MIL-M-38510 (General Specification For Microcir- 
cuits) and MIL-STD-883 (Test Methods and Procedures For 
Microelectronics). 

Compliance to these specifications is a statutory require- 
ment for all employees at Linear Technology. The programs 
now in place that serve the varied requirements for ground, 
sea, air, and space applications include: 

• JANS 

• JANB 

• Standard Military Drawings (SMD) 

• Hi-Rel (SCD) 

• 883 

Linear Technology JAN 

At the end of 1969, the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL-M-38510. This general specification for micro- 
circuits established the procedures that a manufacturer 
must follow to have his products listed on the Qualified 
Parts List (QPL). 

One major problem faced by defense contractors using 
semiconductor devices was the inability to interchange de- 
vices caused by a proliferation of non-standard electrical 
specifications. The 38510 (JAN) program addressed this 
problem by publishing detailed electrical specifications 
(slash sheets) for each component to be listed on the QPL. 

JAN devices are completely processed in the United States 
or its territories and all wafer fabrication, wafer sort, assem- 
bly, testing, and conformance testing are performed 
onshore. 

In early 1985, Linear Technology Corporation joined the 
ranks of the eighteen existing QPL suppliers. Of these eight- 


een, only a handful of suppliers participate in the linear mil- 
itary JAN market. Linear Technology believes its analog 
design experience and manufacturing strength can con- 
tribute significantly to this market. 

In August 1984, Linear Technology Corporation was visited 
by a team of DESC (Defense Electronics and Supply Center) 
personnel. This team spent almost four days on their audit 
and at the end of the visit they awarded the company “Class 
B Line Certification.” This was a first for any company to re- 
ceive this distinction on a first audit! In November 1987, 
Linear Technology Corporation was audited by a team from 
DESC, Naval Weapons Support Center and Aerospace Cor- 
poration and was awarded “Class S Line Certification.” 

Linear Technology’s first QPL listing was achieved in Febru- 
ary, 1985, one year after the company made JAN Class B a 
corporate goal. Other companies have typically taken 2 to 3 
years to achieve this status. The line certification and QPL 
approvals were awarded to MIL-38510 and MILSTD-883 
Rev. C specifications. 

Linear Technology’s policy of providing JAN Class B linear 
components supports the United States Government’s posi- 
tion of standardization to decrease the number of active 
part types maintained by DESC. This number is currently in 
excess of 70,000 for all types of components (contrasted to 
approximately 5,000 industry standard components). Stand- 
ardization will clearly decrease costs and assist in the main- 
tenance of military weapon systems and equipment now in 
the field. Linear Technology Corporation has over 40 prod- 
ucts listed on the Class B Qualified Parts List (Part 1), prod- 
ucts qualified on the Class S Qualified Parts List (Parts 1 
and 2), and we have an active and aggressive program to fur- 
ther expand our offering of JAN products. 


EXAMPLES OF UNEAR TECHNOLOGY 
MILITARY PROGRAM PARTICIPATION 

AMRAAM SPARROW PERSHING II 

PHOENIX HARPOON MINUTEMAN 

PHALANX HARM B-1B 

F-15 COPPERHEAD B-52 

F-16 GPS TOW 

F-18 HTTB MAVERICK 

DRAGON SEAHAWK ACTS 

STD. MISSILE FLEET SATCOM M-1 TANK 
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Linear Technology Standard Military Drawings 

DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature-tested military 
components. These DESC drawings (or minispecs) were ini- 
tially issued for low power Schottky devices (54LS) used by 
defense subcontractors on the Air Force’s FI 6. The pro- 
gram accomplished standardization of testing, without the 
delays associated with the qualification process for JAN 
components. 

The DESC drawing was viewed as a preliminary specifica- 
tion prior to JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN. This order is defined in Re- 
quirement 64 of MIL-STD-454. If a JAN part is available, it is 
still preferred, however, there are many types of devices 
where the volume is such that the cost of a full JAN quali- 
fication may not be justified, but where a need exists for 
electrical standardization. 

CMOS and analog circuits were added to the DESC Drawing 
Program in 1977, 1978 and 1979, but widespread acceptance 
of these parts was not achieved. Today with more emphasis 
being placed on standardization, the interest level in DESC 
drawings has accelerated. This category of product can be 
built offshore with 883-level processing and the electrical 
parameters are tested specifically to the DESC drawing. 

To provide parts to a DESC drawing, a manufacturer has to 
have at least one part on the 38510 Qualified Parts List. He 
must also provide DESC with a certificate of compliance 
agreeing to the tests and conditions listed on the drawing. 

In 1986 a new program named Standard Military Drawings 
(SMDs) was launched by DESC. This replaced the previous 
DESC Drawing Program. This new program is aimed directly 
at standardizing electrical requirements with the objective 
to decrease the time required to issue a military drawing. To 
achieve this, we have set up a computer link-up with the 
DESC Standardized Mil Drawing Group. A flowchart show- 
ing the preparation of Mil drawings is shown in Figure 1. 
Linear Technology is actively supporting this new Mil Draw- 
ing program and we are working closely with DESC and 
OEMs to participate in this government plan toward a 
greater level of standardization in military specifications. 

Linear Technology has over ttu devices listed on DESC and 
Mil drawings, and we are actively supporting these stand- 


ardization programs by having parts available off the shelf 
from Linear Technology Corporation and from distribution 
outlets. 

Linear Technology Hi-Rel 

Linear Technology Corporation recognizes the need for 
source controlled drawings (SCD’s) and the company’s 
DESC-certified line is well equipped to handle these re- 
quirements for space and hi-rel applications. The company 
has a comprehensive review procedure and emphasis is 
placed on compliance to test methods and procedures. 
Over 4,000 specifications have been reviewed to date with 
fast feedback to our customers. 

Linear Technology has serviced source controlled drawing 
orders including “S” level specifications with a variety of 
source inspection and conformance test requirements. 
Each source controlled drawing requires dedicated flows, 
software and hardware, and as a result, certain minimum re- 
quirements have to be fulfilled. Linear Technology’s Product 
Marketing group can provide you with more details on a 
case-by-case basis. 

Linear Technology MIL-STD-883 Product 

The semiconductor industry 883 designation on military 
semiconductor components established a defacto stand- 
ard in response to a significant demand from the military 
defense contractors. The Government recognized the exis- 
tence of 883 components in the recent revisions of MIL- 
STD-883C and MIL-M-38510, and the requirements for com- 
pliant 883 components are now defined very specifically in 
these documents. 

MIL-STD-883 is a test procedures and methods document 
and the last major revision (Rev. C) became effective on 
June 1, 1984. This document is revised periodically and de- 
fines the conditions for two categories of product, Class B 
and Class S. Class B is intended for applications where 
maintenance is difficult or expensive and where reliability is 
vital. Class S is intended for space and critical applications 
where replacement is extremely difficult or impossible and 
where reliability is imperative. The Class B PDA (Percent De- 
fective Allowable) was tightened from 10% to 5% following 


12-4 


/Tuim. 

\ cx>niNUUUUY 





MILITARY PRODUCTS 


burn-in and the Group A electrical sampling plans (LTPD lev- 
els) also were tightened. In addition, a critical paragraph 
was added to MIL-STD-883 to alleviate any misinterpreta- 
tion; a factor that had previously created vastly different 883 
programs throughout the semiconductor industry. 

On December 31, 1984, another key clause was added to 
MIL-STD-883 Rev. C, “paragraph 1.2.1.” This states that if a 
manufacturer advertises, certifies, or marks parts as com- 
pliant with MIL-STD-883 those parts must meet all of the 
provisions of MIL-STD-883, a practice consistent with 
“Truth in Advertising”. 

According to the Defense Electronics Supply Center (a 
branch of the Defense Department’s Logistics Agency), the 
intent of paragraph 1.2.1 was to link MIL-STD-883 with the 
controls and details contained in MIL-M-38510. 

Linear Technology Corporation can state unequivocally that 
all of its 883 products are in full compliance with the new 


MIL-STD-883 Rev. C requirements. We have over 275 ver- 
sions of our 883 products listed in our current catalog, inclu- 
ding operational amplifiers, voltage regulators, voltage 
references, comparators, and our advanced line of propri- 
etary CMOS circuits. 

All products manufactured by Linear Technology are de- 
signed to meet the full requirements of the military, from 
-55°Cto125°C. 

Military Market Commitment 

Linear Technology Corporation is a focused, dedicated 
company servicing the needs of the linear military market- 
place. We are shipping to the top U.S. defense electronics 
contractors who have qualified and approved our products. 
Linear Technology Corporation is committed to being the 
best and most proficient high quality supplier of analog mil- 
itary components. 



Figure 1. Mil Drawing Preparation Flowchart . 
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UNEAR TECHNOLOGY 883 GROUP A SAMPLING PUN 


TEST 

CONDITION 

883C 

SAMPLE SIZE 

LTPD 

DC Parametric 

T a =25°C 

116 

2.0% 

DC Parametric 

T a = — 55°C 
+ 125°C 

116 

2.0% 

AC Parametric 

T A =25°C 

116 

2.0% 


1 2-8 
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883 CERTIFICATE OF CONFORMANCE-LEVEL B 


LTC Part Number _ 

Lot Traceability No. 

Purchase Order No. 

Customer Name P/N Qty 

Date Code Shipper # Traveller Lot # 

Group A = Group B= Group C= Group D= 

Group A Re-Inspection Data, If Applicable 

LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH YOUR SPECIFICATIONS AND REQUIREMENTS OF MIL-STD 883 REV C. ALL SUP- 
PORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTC AND ARE AVAILABLE FOR INSPECTION. 
THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW. 


QUALITY ASSURANCE INSPECTOR 

DATE 

SIGNATURE 




Operation 


Screening Procedure MIL-STD-883C Method 5004 


Internal Visual 
Stabilization Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-in 

Final Electrical 


QA Acceptance 
Quality Conformance 


External Visual 


Method 2010, Condition B 
Method 1008, Condition C 

Method 1010, Condition C, 10 cycles - 65°C to 150°C 
Method 2001, Condition E, 30K G’s Y1 axis (TO-3 PKG at 20K G’s) 
Method 1014, Condition A 
Method 1014, Condition C 
Method 1015, 160 hrs at 125°C (or equivalent) 

+ 25°C DC (per LTC Data Sheet) PDA = 5% 

+ 125°Cor150°C DC 

- 55°C DC KWV 

+ 25°C AC 

Method 5005 Group A (sample/lot) 

Group B (sample/lot) 

Group C (sample every 3 months/Generic Group) 
Group D (sample every 6 months/Package Type) 

Method 2009 




NOTE: Each operation is performed on a 100% basis unless otherwise stated. 


FORM. NO. 00-03-6072 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 
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MILITARY PRODUCTS 


LINEAR TECHNOLOGY CORPORATION 
1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 


GROUP A DATA 

Mil-Std 883, METHOD 5005 

LTC P/N: 

GENERIC TYPE 
ASSEMBLY LOC 


LOT #: 

PKG: DATE CODE: 



LTPD 

ACC 

# 

S/S 

# 

FAILED 

DATE 

TEST 

OPER 

NUMBER 

SUBGROUP 1 

Static test at 25°C 

2% 






SUBGROUP 2 

Static tests at maximum rated operating 
temperature 

2% 






SUBGROUP 3 

Static tests at minimum rated operating 
temperature 

2% 






SUBGROUP 4 

Dynamic tests at 25°C 

2% 






SUBGROUP 5 

Dynamic tests at maximum rated operating 
temperature 

2% 






SUBGROUP 6 

Dynamic tests at minimum rated operating 
temperature 

2% 


£ 




SUBGROUP 7 

Functional tests at 25°C 

SAME AS 
SUBGROUP 
#1 


V 

w 



SUBGROUP 8 

Functional tests at maximum and minimum 
operating temperature 

SAME AS 
SUBGROUPS 

2 & 3 






SUBGROUP 9 

Switching tests at 25°C 

2% 






SUBGROUP 10 

Switching tests at maximum rated operating 
temperature 

2% 



..... ..... 



SUBGROUP 11 

Switching tests at minimum rated operating 
temperature 

2% 







QA APPROVAL: DATE: 

FORM No. 00-03-6037 
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MILITARY PRODUCTS 


LINEAR TECHNOLOGY CORPORATION 

1630 McCarthy Blvd. GROUP B DATA 

Milpitas, CA 95035-7487 Mil-Std 883, METHOD 5005 

LTCP/N: LOT#: 

GENERIC TYPE: PKG: DATE CODE: 

ASSEMBLY LOC: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 

# 

s/s 

# 

FAILED 

DATE 

TESTED 

OPER 

# 

SUBGROUP 1 

Physical Dimensions 

2016 



0 

2 




SUBGROUP 2 

Resistance to Solvents 

2015 



0 

4 




SUBGROUP 3 

Solderability 

2003 

Soldering Temp, of 

245 ± 5°C 

10 

0 





SUBGROUP 4 

Internal Visual/Mechanical 

2014 

design and construction 
requirements 


0 ^ 

< 




SUBGROUP 5 

Bond Strength 

2011 

Cor D 

15 

o 





SUBGROUP 7 

Fine Leak 

Gross Leak 

1014 


5 

0 






QA APPROVAL: DATE: 

FORM No. 00-03-6006 


LINEAR TECHNOLOGY CORPORATION 

1630 McCarthy Blvd. GROUP C DATA 

Milpitas, CA 95035-7487 Mil-Std 883, METHOD 5005 


LTC P/N: LOT # 

GENERIC TYPE: PKG: DATE CODE: 

CT. GROUP: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 

# 

S/S 

# 

FAILED 

DATE 

TESTED 

OPER 

# 

SUBGROUP 1 

Steady State 

Life Test 

1005 

Ta = 125°C 
(1000 Hours or Equiv.) 

5 

0 

45 




Electrical Endpoints 


Test# 




* 1 

* 

t, 


SUBGROUP 2 

Temperature Cycling 
Constant Acceleration 

Fine Leak 

Gross Leak 

Visual Examination 

Electrical Endpoints 

1010 

2001 

1014 

1014 

1010/ 

1011 

C 

E Y1 only 

1 

Test # 

15 

0 

1 

15 





QA APPROVAL: DATE: 

FORM No. 00-03-6007 
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MILITARY PRODUCTS 


LINEAR TECHNOLOGY CORPORATION 

1630 McCarthy Blvd. GROUP D DATA 

Milpitas, CA 95035-7487 Mil-Std 883, METHOD 5005 

LTCP/N: LOT#: 

GENERIC TYPE: PKG: DATE CODE: 

ASSEMBLY LOC: 


TEST 

METHOD 

CONDITION 

LTPD 

ACC 

s/s 

# 

DATE 

OPER 





# 


FAILED 

TESTED 

# 

SUBGROUP 1 



15 

0 

15 




Physical Dimensions 

2016 








SUBGROUP 2 



15 

0 

15 




Lead Integrity 

2004 

B2 (lead fatigue) 







Fine Leak 

1014 








Gross Leak 

1014 








SUBGROUP 3 



15 

0 

15 




Thermal Shock 

1011 

B 15 cycles 







Temperature Cycle 

1010 

C 100 cycles 







Moisture Resistance 

1004 








Fine Leak 

1014 








Gross Leak 

1014 








Visual Examination 

1004/ 








Electrical Endpoints 

1010 

Test# 







SUBGROUP 4 



15 

0 

15 




Mechanical Shock 

2002 

B 






Vibration Variables- 

2007 

A 




Jr* 



Frequency 

Constant Acceleration 

2001 

E Y1 only 



V 1 




Fine Leak 

1014 








Gross Leak 

1014 








Visual Examination 

1010/ 

1011 








Electrical Endpoints 


Test# 







SUBGROUP 5 



15 

0 

15 




Salt Atmosphere 

1009 

A 







Fine Leak 

1014 

i 







Gross Leak 

1014 








Visual Examination 

1009 

Visual Criteria 







SUBGROUP 6 




0 

3 




Internal Water-Vapor 

1018 

5000ppm 







SUBGROUP 7 



15 

0 

15 




Adhesion of Lead Finish 

2025 


i 






SUBGROUP 8 




0 

5 




Lid Torque 

2024 

Glass Frit Seal only 








QA APPROVAL: DATE: 

FORM No. 00-03-6008 
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MILITARY PRODUCTS 


MILITARY PARTS LIST 


JANSQPLt JM38510/10103SHA(LM101AW) JM38510/11405SGC(LF156AH) JM38510/13502SGA(OP07H) 

JM38510/10104SCA (LM108AJ)* * J M3851 0/1 1 803SXA (LM 1 37H) J M3851 0/1 3502SGC (OP07H) 

JM38510/10104SHA (LM108AW) JM38510/1 1803SXC (LM137H) JM38510/13502SPA (OP07J8) 

JM38510/10104SPA(LM108AJ8) JM38510/11804SYA(LM137K) JM38510/13503SGA(OP27AH) 

JM38510/10107SPA (LM1 18J8) JM38510/12501SGA(LF198H) JM38510/13503SGC(OP27AH) 

J M3851 0/11 404SG A (LF155AH) JM38510/13501SGA (OP07AH) JM38510/13503SPA(OP27AJ8) 

JM38510/1 1 404SGC (LF1 55AH) J M3851 0/1 3501 SGC (OP07AH) 

JM38510/11405SGA (LF156AH) JM3851 0/1 3501 SPA (OPQ7AJ8) 

JANBQPLt JM38510/10103BGA (LM101 AH) JM38510/11402BPA(LF156J8) JM38510/12501BGA(LF198H) 

JM3851 0/101 04BCA (LM 1 08AJ) J M3851 0/1 1 404BGA (LF155AH) J M38510/1 2501 BGC (LF198H) 

JM38510/10104BGA (LM108AH) JM38510/1 1404BGC (LF155AH) JM38510/13501 BGA(OP07AH) 

JM38510/10104BGC (LM108AH) JM38510/11405BGA(LF156AH) JM38510/13501BGC(OP07AH) 

JM38510/10104BPA(LM108AJ8) JM38510/11405BGC(LF156AH) JM38510/13501BPA(OP07AJ8) 

JM38510/10106BEA (LH2108AD) JM38510/11405BPA(LF156AJ8) JM38510/13502BGA(OP07H) 

JM38510/10107BGA (LM1 18H) JM38510/11703BXA(LM117H) JM38510/13502BGC(OP07H) 

J M3851 0/1 01 07BGC (LM 1 1 8H) J M3851 0/1 1 703BXC (LM 1 1 7H) J M3851 0/1 3502BPA (OP07J8) 

JM38510/10107BPA(LM118J8) JM38510/11704BYA(LM117K) JM38510/13503BGA(OP27AH) 

JM38510/11401 BGA (LF155H) JM38510/11706BYA(LM138K) JM38510/13503BGC(OP27AH) 

JM38510/1 1401 BGC (LF155H) JM38510/1 1803BXA (LM137H) JM38510/13503BPA (OP27AJ8) 

JM38510/11402BGA (LF156H) JM38510/1 1803BXC (LM137H) 

JM38510/11402BGC (LF156H) JM38510/1 1804BYA (LM137K) 

DESC 7703401XA(LM117H) 7703405XX(LT117AH) 8203602PX (OP07J8) 

Drawings*t 7703401 XC(LM117H) 7703405YX(LT117AK) 8418001XA(LM136AH-2.5) 

7703401YA(LM117K) 7703406XX(LT137AH) 8418001XC(LM136AH-2.5) 

7703402XA (LM117HVH) 7703406YX(LT137AK) 8551 401 GX(REF02AH) 

7703402XC (LM1 1 7H VH) 7703407XX(LT117AHVH) 8551 401 PX(REF02AJ8) 

7703402 Y A(LM117HVK) 7703407YX(LT117AHVK) 8551 501 VX(LT1526J) 

7703403XA (LM 1 37H) 7703408XX(LT137AHVH) 8601 401 CA(LM119J) 

7703403XC (LM 1 37H) 7703408YX(LT137AHVK) 8601 401 IA(LM119H) 

7703403YA (LM137K) 7802801 E A (SGI 524J) 8601401HA(LM119W) 

7703404XA (LM 1 37H VH) 8203601 GX(OP07AH) 8601402CA(LT119AJ) 

7703404XC (LM137HVH) 8203601 PX (OP07AJ8) 8601402IA(LT119AH) 

7703404YA (LM137HVK) 8203602GX (OP07H) 

Standard 5962-8680601 EA(LT1846J) 596 2 -8 7 59402 XX (LM185H-2.5) 5962-8856201 YX (LT 1 01 0 M K) 

Military 5962-8684501 IX (LT1016MH) 5962-8760401 GX(LM1 OH) 5962-8859701 XA(LT1004MH-1. 2) 

Drawings 5962-8684501 PX(LT1016MJ8) 5962-8766601 VX(LT1080MJ) 5962-8859702XA(LT1004MH-2.5) 

(SMD)t 5962-86861 01 XX (LT580SH) 5962-8766602EX(LT1081MJ) 5962-8860001 GX(LT1 021 BM-10) 

5962-86861 02XX (LT580TH) 5962-8767501 XX (LM150K) 5962-8860002GX(LT1021CM-10) 

5962-8688201 XA (LH0070-0H) 5962-8767502XX (LT1 50AK) 5962-8860003GX (LT1021 DM-10) 

5962-8688201 XC (LH0070-OH) 5962-8773801 GA(LT1 001 MH) 5962-88641 01 RA(LTC1 060AM J) 

5962-8688202XA (LH0070-1 H) 5962-8773801 PA (LT1 001 MJ8) 5962-8864601 XA(LT1085MK) 

5962-8688202XC (LH0070-1 H) 5962-87741 01 XX (LT1033MK) 5962-8864701GA(LT1021BMH-7) 

5962-8688203XA (LH0070-2H) 5962-8777501 YX(LM123K) 5962-8864702GA(LT1021DMH-7) 

5962-8688203XC (LH0070-2H) 5962-8853701 GA (OP37AH) 5962-8876201 GA (LT1021 BMH-5) 

5962-8688701CA (OP227AJ) 5962-8853701 PA (OP37AJ8) 5962-8876202GA(LT1021CMH-5) 

5962-8757801 GA (LT1007AMH) 5962-8853703GA (OP37CH) 5962-8876203GA(LTl021DMH-5) 

5962-8757801 PA (LT1 007AM J8) 5962-8853703 PA (OP37CJ8) 

5962-8759401 XC (LM 1 85H-1 .2) 5962-8856201 XX (LT1 01 OMH) 


883 

LF155AH/883 

LM1 OH/883 

LT118AJ8/883 

LT1007M H/883 

Operational 

LF155H/883 

LM10J8/883 

LT1 001 AM H/883 

LT1007MJ8/883 

Amplifiers 

LF156AH/883 

LM 101 AH/883 

LT1001AMJ8/883 

LT1008M H/883 


LF156H/883 

LM101AJ8/883 

LT1001MH/883 

LT1012MD/883 


LF412AMH/883 

LM107H/883 

LT1001MJ8/883 

LT1012M H/883 


LF412MH/883 

LM107J8/883 

LT1 002AM J/883 

LT1013AMH/883 


LF412AMJ8/883 

LM108AH/883 

LT1002MJ/883 

LT 1 01 3AM J8/883 


LF412MJ8/883 

LM108H/883 

LT1006M H/883 

LT1013M H/883 


LH0070-0H/883 

LM108AJ8/883 

LT1006MJ8/883 

LT1013MJ8/883 


LH0070-1 H/883 

LM108J 8/883 

LT1 006AM H/883 

LT1 01 4 AM J/883 


LH0070-2H/883 

LM118H/883 

LT 1 006AM J8/883 

LT1014M J/883 


LH2108AD/883 

LM118J8/883 

LT1 007AM H/883 

LT1022AMH/883 


LH2108D/883 

LT118AH/883 

LT1007AMJ8/883 

LT1022M H/883 



xriira 
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MILITARY PRODUCTS 


883 

LT1023MH/883 

LT1 057AM J8/883 

LTC1 052 MJ 8/883 

OP-27CH/883 

Operational 

LT1023MJ8/883 

LT1057M H/883 

OP-05AH/883 

OP-27CJ8/883 

Amplifiers 

LT1 024AM D/883 

LT1057MJ8/883 

OP-05AJ8/883 

OP-37AH/883 

(Continued) 

LT1024M D/883 

LT1 058AM J/883 

OP-05H/883 

OP-37AJ8/883 


LT1 028AM H/883 

LT1058MJ/883 

0 P-05 J 8/883 

OP-37C H/883 


LT1 028AM J8/883 

LT1078AM/883 

OP-07AH/883 

OP-37CJ8/883 


LT1028M H/883 

LT1 078AM J8/883 

OP-07AJ8/883 

OP-21 5AH/883 


LT1 028 MJ 8/883 

LT1078M H/883 

OP-07H/883 

OP-21 5AJ8/883 


LT1 037AM H/883 

LT1 078 MJ 8/883 

0 P-07 J 8/883 

OP-21 5CH/883 


LT1 037AM J8/883 

LT1 079AM J/883 

OP-15AH/883 

OP-21 5CJ8/883 


LT1037M H/883 

LT1079M J/883 

OP-15BH/883 

OP-227 A J/883 


LT1037MJ8/883 

LTC1 050AM H/883 

OP-15CH/883 

OP-227CJ/883 


LT1 055AM H/883 

LTC1 050AM J8/883 

OP-16AH/883 

OP-237 A J/883 


LT1055M H/883 

LTC1050MH/883 

OP-16BH/883 

OP237CJ/883 


LT1 056AM H/883 

LTC1 050M J8/883 

OP-16CH/883 



LT1056M H/883 

LTC1052MH/883 

OP-27AH/883 



LT1 057AM H/883 

LTC1052M J/883 

OP-27AJ8/883 


883 Regulators 

LM117H/883 

LM150K/883 

LT138AK/883 

LT1083MK-5/883 


LM117HVH/883 

LT117AH/883 

LT150AK/883 

LT1083MK-1 2/883 


LM117HVK/883 

LT117AHVH/883 

LT1003MK/883 

LT1084MK-5/883 


LM117K/883 

LT117AHVK/883 

LT1005MK/883 

LT1084MK-1 2/883 


LM123K/883 

LT117AK/883 

LT 1 020 M J/883 

LT1085MK-5/883 


LM137H/883 

LT123AK/883 

LT1033MK/883 

LT1085MK-1 2/883 


LM137HVH/883 

LT137AH/883 

LT1035MK/883 

LT1086MK-5/883 


LM137HVK/883 

LT137AHVH/883 

LT1036MK/883 

LT1086MK-1 2/883 


LM137K/883 

LT137AHVK/883 

LT1038MK/883 

LT1086MK/883 


LM138K/883 

LT137AK/883 

LT1054MJ8/883 


883 References 

LM129AH/883 

LT580TH/883 

LT1 021 CM H-5/883 

LT1034BM H/883 


LM129BH/883 

LT580U H/883 

LT1021DMH-5/883 

LT1034M H/883 


LM129CH/883 

LT581SH/883 

LT1021BMH-7/883 

REF-01 AH/883 


LM134H/883 

LT581 TH/883 

LT1 021 DM H-7/883 

REF-01 AJ8/883 


LM136AH-2.5/883 

LT 1 004 M H - 1 .2/883 

LT1 021 BMH-1 0/883 

REF-01 H/883 


LM136H-2.5/883 

LT 1 004 M H -2. 5/883 

LT1 021 CM H-1 0/883 

REF-01 J8/883 


LM185H-1. 2/883 

LT1009M H/883 

LT1 021 DM H-1 0/883 

REF-02AH/883 


LM185H-2.5/883 

LT1019MH-2. 5/883 

LT1 029AM H/883 

REF-02AJ8/883 


LM 199 A H/883 

LT1019MH-4.5/883 

LT1029M H/883 

REF-02H/883 


LM199AH-20/883 

LT1 01 9MH -5.0/883 

LT1031BMH/883 

REF-02J8/883 


LM199H/883 

LT1019MH-10/883 

LT1 031 CM H/883 



LT580SH/883 

LT1 021 BMH -5/883 

LT1 031 DM H/883 


883 

LM1 11 H/883 

LT119AH/883 

LT1 01 1M H/883 

LT1 01 8M H/883 

Comparators 

LM111 J8/883 

LT119A J/883 

LT1011MJ8/883 

LT1018MJ8/883 


LM119H/883 

LT685M H/883 

LT1 01 6M H/883 

LTC1040M J/883 


LM119J/883 

LT685MJ/883 

LT1016MJ8/883 

LTC1042M J/883 


LT1 11 AH/883 

LT101 1 AMH/883 

LT1017MH/883 



LT111AJ8/883 

LT1011AMJ8/883 

LT1017MJ8/883 


883 

LT1070MK/883 

LT1 524 J/883 

LT1527A J/883 

SGI 524 J/883 

Switched-Mode 

LT1070HVMK/883 

LT1525A J/883 

LT1 846 J/883 

SGI 525A J/883 

Control Circuits 

LT1071MK/883 

LT1526J/883 

LT1 847 J/883 

SG1527A J/883 


LT1071HVMK/883 




883 

LT1032MJ/883 

LT1081M J/883 



Interface 

LT1039MJ/883 

LTC1045M J/883 




LT1080MJ/883 




Other 883 

LF198AH/883 

LTC1041 MJ8/883 

LT1054M H/883 

LTC1060M J/883 


LF198H/883 

LTC1043M D/883 

LTC1 059AM J/883 

LTC1 061 AM J/883 


LT1 01 OM H/883 

LTC1044M H/883 

LTC1059M J/883 

LTC1 061 M J/883 


LT1010MK/883 

LTC1044MJ8/883 

LTC1 060AM J/883 

LTC1 062 MJ 8/883 


t Parts may be ordered using an "X” lead finish suffix. These parts will be supplied with either gold plate or solder-dip finish at Linear Technology Corporation’s 
discretion. 

* Certain parts may be ordered with “C” lead finish suffix (gold plate). Consult factory for pricing and availability. 

* * Bold face entries indicate new additions. 
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section 13— new products 
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TECHNOLOGY 


INDEX 


SECTION 13— NEW PRODUCTS 

INDEX 13-2 

PROPRIETARY PRODUCTS 

LTC201, Quad CMOS SPST Low Charge Injection Analog Switch 13-3 

LT1015, High Speed Dual Line Receiver 13-6 

LT1027, Precision 5V Reference 13-8 

L TC 1 049, Low Power Chopper Stabilized Op Amp with Internal Capacitors 13-10 

LTC1051, Dual Precision Chopper Stabilized Op Amp with Internal Capacitors 13-13 

LTC1 064-2, Low Noise, High Frequency 8th Order Butterworth Lowpass Filter 13-15 

L TC 1 064-3, Low Noise, High Frequency 8th Order Linear Phase Lowpass Filter 13-19 

L TC 1 064-4, Low Noise, 8th Order, Clock Sweepable Cauer Lowpass Filter 13-20 

LT1074, Switching Regulator 13-21 

L T1077, Micropower, Single Supply, Precision Op Amp 13-27 

L T1087, Adjustable Low Dropout Regulator with Kelvin-Sense Inputs 13-28 

LTC1 100, Precision, Single Supply, Instrumentation Amplifier (Fixed Gain -100) 1 3-35 

LT1101, Precision, Micropower, Single Supply Instrumentation Amplifier (Fixed Gain = 10 or 100) 13-36 

LT1102, High Speed, Precision, JFET Input Instrumentation Amplifier (Fixed Gain = 10 or 100) 13-48 

L TC1 150, ± 15V Chopper Stabilized Op Amp with Internal Capacitors 1 3-49 

LT1188, 1.5A High Side Switch 13-55 

L TCI 290, Single Chip 12-Bit Data Acquisition System 1 3-62 

LTC1291, 1-Channel, 12-Bit Serial I/O Data Acquisition System 13-70 

L TCI 292, 2-Channel, 12-Bit Serial I/O Data Acquisition System 13-70 

L TCI 293, 6-Channel, 12-Bit Serial I/O Data Acquisition System 1 3-70 

L TCI 294, 8-Channel, 12-Bit Serial I/O Data Acquisition System 13-70 

LT1431, Programmable Reference 1 3-72 


note 

Final datasheets for products in this section are at various 
stages of completion as this catalog is being published. If 
you require a final datasheet for your application, please 
contact your local LTC Sales Representative, or call LTC 
Communications at (800) 637-5545, for availability. 
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LTC201 


/xurm 

TECHNOLOGY Q ua d CMOS SPST 

Low Charge Injection Analog Switch 


F€RTUR€S 

■ Single 5V or ± 15V Supply Operation 

■ Lower Charge Injection Than Standard DG201 A 

■ Low Ron 

■ Low Power Dissipation 

■ Low Leakage 

■ Guaranteed Break Before Make 

■ Latch Resistant Design 

■ TTL/CMOS Compatible 

■ Second Source for DG201A 

K€V SPCCIFICRTIORS 


■ Ron 60f! 

■ Signal Range ± 15V 

■ Leakage Current 0.5nA 

■ Supply Current lOO^A 

■ Charge Injection 5pC 


May 1989 

DCSCRIPTIOn 

The LTC201 is a monolithic CMOS device consisting of 
four switches which are independently controlled. The 
switches have low on resistance and a very high off re- 
sistance. A break before make characteristic is inherent in 
these switches to prevent the shorting of two channels. 
With a supply voltage of ± 15V the signal range is ± 15V. 
The switches have special charge compensation circuitry 
which greatly reduces charge injection compared to the 
standard DG201A. 

The LTC201 is designed for applications such as pro- 
grammable gain amplifiers, analog multiplexers, precision 
charge switching and remote switching. 


TVPKAlAPPUCATIOn 



XTUD53B 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LTC201 


absolute mnximum ratiags 

(Notel) 


Voltages Referenced to V - 

V + 44V 

GND 25V 

Digital Inputs, S, D (Note 3) - 2V to (V + + 2V) or 

20mA, Whichever Occurs First 

Current 

Any Input Except S or D 30mA 

Continuous S or D 20mA 


Peak S or D (Pulsed at 1 ms, 10% Duty Cycle Max) . 70mA 


Power Dissipation (Plastic) 500mW 

Power Dissipation (Ceramic) 900mW 

Operating Temperature Range 

LTC201AC, LTC201C 0°Cto70°C 

LTC201AM, LTC201M - 55°C to 125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER MFORfflATlOA 


,N1 E °1 y, ^ \> iU in2 

Sl[T— ^ ^-14|s2 

V-|T 13|v + 

GND [£ 12] NC 

sA \±~h_ _cr-nis3 

D4 [7—*' [To| D3 

IN4 OjO OtB IN3 

J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 

AVAILABLE IN SO PACKAGE 


ORDER PART 
NUMBER 


LTC201AMJ 

LTC201MJ 

LTC201ACJ 

LTC201CJ 

LTC201ACN 

LTC201CN 


DIGITAL AAD DC ELECTRICAL CHARACTERISTICS^) 


PARAMETER 

CONDITIONS 

LTC201A 

MIN TYP MAX 

LTC201 

MIN TYP MAX 

UNITS 

Analog Signal Range 


• 

±15 

±15 

V 

Ron 

-10V<V 8 <10V, 

l D =1mA 

Tmax 


175 

200 

fl 

25° C 


60 120 

75 160 

t min 


120 

160 

ARonVsVs 



20 

20 

% 

AR on vs Temperature 



0.5 

0.5 

%/° c 

Ron Match 

V s = 0V, l DS = 1mA 


10 

10 

% 

Off Input Leakage Is(OFF) 

V D = ±14V, V s = ±14V 

• 

0.5 100 

0.5 100 

nA 

Off Output Leakage Id(OFF) 

• 

0.5 100 

0.5 100 

On Channel Leakage l D (ON) 

• 

0.5 200 

0.5 200 

Input High Voltage V| NH 


• 

2.4 

2.4 

V 

Input Low Voltage V )NL 


• 

0.8 

0.8 

Input High or Low Current 
■inh andliNL 


• 

1 

1 

/■A 

Cs(OFF) 



5 

5 

PF 

Cd(OFF) 



12 

12 

C D , C s (ON) 



30 

30 

l + 

All Channels On or Off 

V| N = 0V or 2.4V 

• 

30 100 

30 100 

MA 

r 

• 

0.1 10 

0.1 10 
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LTC201 


AC ELECTRICAL CHAR RCTERISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC201A 

MIN TYP MAX 

LTC201 

MIN TYP MAX 

UNITS 

Ton 

V S = 2V, R L = 1kfl, C L = 35pF 

600 

600 

ns 

Toff 

450 

450 

Off Isolation 

V s = 2Vp-p, R L = 1kfi 
f = 100kHz 

75 

75 

dB 

Crosstalk 

90 

90 

Charge Injection Q !NJ 

R s = 00, C L = lOOOpF, V s = 0 

5 

8 

PC 

Total Harmonic Distortion THD 

V s = 2Vp-p, R L =10kfl 

0.01 

0.01 

% 


The • denotes the specifications which apply over full operating tempera- 
ture range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 


Note 2: Signals on S, D, or l N exceeding V + orV~ will be clamped by in- 
ternal diodes. Limit forward diode current to maximum current rating. 
Note 3: V + = 15V, V~ = - 15V unless otherwise noted. 


XTLflS® 
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LT1015 



untAE 


IPIMMLDDMDDK 


TECHNOLOGY HiQh Speed Dual Line Receiver 

May 1989 


FCATURCS 


DCSCRIPTIOA 


■ 10ns Response Time 

■ 2ns Setup Time for Latch 

■ Operates on Single 5V Supply 

■ Dual Function in 8-Pin Package 

■ No Input Slew Rate Requirement 

■ Latch Function Included On Chip 

■ True Differential Inputs 

APPLICATIOAS 

■ High Speed Differential Line Receiver 

■ Pulse Height/Width Discriminator 

■ Timing and Delay Generators 

■ Analog to Digital Interface 


The LT1015 is a dual high speed comparator intended for 
line receiver and other general purpose fast comparator 
functions. It has 10ns response time, true differential in- 
puts, TTL outputs, and operates from a single 5V supply. A 
unique output stage design virtually eliminates power 
supply glitching during transitions. This greatly reduces 
instability and crosstalk problems in multiple line applica- 
tions. No minimum input slew rate is required as in previ- 
ous TTL output comparators. 

The LT1015 has a true latch pin for retaining output data. 
Setup time is 2ns, allowing the comparators to capture 
data much faster than the actual flowthrough response 
time. 8-pin miniDIP and ceramic packages allow high 
packing density. 


TYPICAL APPUCATIOA BLOCK DIAGAAAI 

2 Channel 20MHz Clocked Line Receiver 



5V 


CHANNEL A 


JUT CLOCK 

DATA LATCHED 
ON POSITIVE EDGE 

CHANNEL B 



A OUTPUT 


LATCH (BOTH SIDES) 
DEVICE ACTIVE WITH 
LATCH LOW. “OPEN” 
GOES TO HIGH STATE. 


B OUTPUT 
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Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 




LT1015 


absolute mnximum ratiags 


Supply Voltage 7 V 

Differential Input Voltage 5V 

Input Voltage Positive Supply + 0.5V 

Negative -IV 

Input Current (Forced) Positive 20mA 

Latch Pin Voltage Supply + IV 

Output Current (Continuous) ± 20mA 

Operating Temperature Range 

LT1015M — 55°C to 125°C* 

LT1015C 0°Cto 70°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

*Air flow must be provided for T A > 100°C. 


PRCKRG€/ORD€R mFORmnnon 



TOP VIEW 


ORDER PART 
NUMBER 

INPUT A [7 


U v + 


REFERENCE [7 


7] OUTPUT A 

LT1015MJ8 

INPUT B [7 


7| GROUND 

LT1015CJ8 

LATCH [7 


7] OUTPUT B 

LT1015CN8 

J PACKAGE N PACKAGE 


8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 



€l€CTRICRl CHARACTERISTICS 

V + = 4.6V to 5.4V, Vlatch = 0V, Common Mode Input Voltage = 2.5V, Tj = 25°C, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 1) 

V CM = 1.25 V to <V + - 1.5 V) 

• 

1 20 

mV 

Input Bias Current 

AV, n = 0V (Note 2) 

• 


15 

30 

/*A 

Reference Input Current 

AV|n = 0V (Note 2) 

• 


30 

60 

fA 

Voltage Gain (Note 3) 

V 0UT = 0.5V to 2.5V 

Load = 1 TTL Gate 

• 

1000 

2500 


V/V 

Common Mode Input Range (Note 5) 

Minimum Input 

• 


1.0 

1.25 

V 


Maximum Input 

• 

V + -1.5 

V + - 1 .0 


V 

Output High Voltage 

louT = 4mA 

• 

2.5 



V 

Output Low Voltage 

Isink= 4mA 

• 


0.3 

0.5 

V 

Supply Current 

V + =5V 

• 


55 

70 

mA 

Latch Pin High Input Voltage 

Device Latched 

• 

2 

V 

Latch Pin Low Input Voltage 

Device Active 

• 

0.8 

V 

Latch Pin Current 


• 

1 

mA 

Propagation Delay 

AV, N >20mV(Note4) 

0°C<Tj<100°C 

• 

7 

10 

14 

ns 


-55°C<Tj<150°C 

• 

7 

10 

16 

ns 

Latch Setup Time 



2 

ns 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: Input offset voltage is the maximum required to drive the output to 
a low state of 0.5V and a high state of 2.5 V. 

Note 2: Input currents are measured by applying a large positive differen- 
tial input voltage. The resulting input current is divided by two to obtain in- 
put current at AV !N = OV. 

Note 3: Voltage gain is guaranteed by design, but not tested. 

Note 4: Propagation delay is 100% tested in production with a large over- 
drive. The limit is guard banded to account for the slight increase ( * 500ps) 
at 20m V overdrive. 


Note 5: Common mode input range is the voltage range over which the dif- 
ferential input offset voltage is less than 20mV. If both inputs remain inside 
this common mode range, propagation delay will be unaffected. It will also 
be normal if the signal input is below the 1.25V lower limit when the input 
transition begins. An increase in propagation delay of up to 10ns may occur 
if the signal input is above the upper common mode limit when the transi- 
tion begins. Sine wave inputs may not be affected when the peak exceeds 
the common mode range if the signal is inside the common mode range for 
10ns before threshold is reached. 


XTUH 
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LT1027 


TECHNOLOGY 


F€ATUR€S 


Precision 5V Reference 

May 1989 

DCSCRIPTIOA 


■ Very Low Drift — 2 ppm/°C Max Slope 

■ Pin-Compatible with LT1021-5, REF-02 

■ Factory-Trimmed to 5.000V±1mV@25°C 

■ Output Sinks or Sources 10mA 

■ Excellent Transient Response Suitable for A-to-D 
Reference Inputs 

■ Noise Reduction Pin 

■ Excellent Long Term Stability 

■ Low Noise 

APPLICATIOAS 

■ A-to-D and D-to-A Conversion 

■ Digital Voltmeters 

■ Reference Standard 

■ Precision Current Source 


The LT1027 is a precision reference with extra-low drift, 
low noise, excellent line and load regulation and low out- 
put impedance at high frequency. This device is intended 
for use in 12- to 16-bit A-to-D and D-to-A systems where de- 
manding accuracy requirements must be met without the 
use of power-hungry heated-substrate references. The 
fast-settling output recovers quickly from load transients 
such as those presented by A-to-D converter reference in- 
puts. The LT1027 represents the next major advance in 
low-drift, high-accuracy voltage references. 

The LT1027 reference is based on LTC’s proprietary 
advanced sub-surface zener bipolar process which elim- 
inates noise and stability problems associated with sur- 
face breakdown devices. 


TYPICAL APPUCATIOn 


PACKAGC/OADCR MFORfflATlOA 


Driving a 12-Bit ADC 



*N0ISE REDUCTION CAP AND TRIM POTENTIOMETER OPTIONAL. 



H PACKAGE 

8-LEAD TO-5 METAL CAN 


ORDER PART 
NUMBER 


LT1027BMH 

LT1027CMH 

LT1027BCH 

LT1027CCH 


•CONNECTED INTERNALLY. DO NOT CONNECT 
EXTERNAL CIRCUITRY TO THESE PINS. 



TOP VIEW 


NC* [T 


TJnc* 

VinE 


TJnc* 

NR [T 


H Vout 

GND [7 


7] Vtrim 


N PACKAGE 
8-LEAD PLASTIC DIP 


LT1027BCN 

LT1027CCN 


•CONNECTED INTERNALLY. DO NOT CONNECT 
EXTERNAL CIRCUITRY TO THESE PINS. 
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Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LT1027 


ABSOLUTE fflAXimum RATIAGS 


Input Voltage 40V 

Input-Output Voltage Differential 35V 

Output to Ground Voltage 7V 

Trim to Ground Voltage 

Positive Equal to Vout 

Negative -3 V 

Output Short Circuit Duration 

Vin= 35V 10 sec. 

V|n< 20V Indefinite 


Operating Temperature Range 

LT1027M -55°C to 125°C 

LT1027C 0°Cto70°C 

Storage Temperature Range 

All Devices -65°Cto150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


€l€CTRICRL CHRRRCTCRISTICS Vin = 10V, Iqut = 0, Ta = 25°C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN TYP MAX 

UNITS 

Output Voltage 


5.000 

V 

Output Voltage Accuracy 

T a = 25°C 

±0.02 

% 

Output Voltage Temperature Coefficient 


2 

ppm/°C 

Settling Time (0.01%) 

Iout — 10mA 

2 

ps 

Line Regulation 

10V<V in <40V 

4 

ppm /V 

Load Regulation (Source) 

0 < Iqut < 10mA 

10 

ppm/mA 

Load Regulation (Sink) 

0>I O ut> -10mA 

25 

ppm/mA 

Supply Current 


2 

mA 

Output Trim Range 

0>Vtrim>V O ut 

±50 

mV 


RPPUCRTIORS IRFORfYlRTIOR 

Transient Response 

When a 10mA load step is applied to the LT1027 output, the 
reference will settle to 0.01% in under 2/is. For faster tran- 
sient response under no DC load or while sourcing current, 
a 4.7/tF (or greater) tantalum capacitor connected between 
Vout and ground is recommended. This will reduce the set- 
tling time to under 500ns. Electrolytic capacitors are not 
advisable as the series resistance of these type units will 
degrade the response. If the LT1027 is to be used as a cur- 
rent sink, a bypass cap is not recommended. For driving 
capacitive-type ADCs, the 4.7pF cap will give optimum per- 
formance, although it is not required. 


Trimming Output Voltage 

The LT1027 has a trim pin for adjusting output voltage. The 
impedance of this pin is about 20kG with an open circuit 
voltage of 2.5 V. A ±50mV trim range is obtainable by tying 
the trim pin to the wiper of a 10k potentiometer connected 
between Vout and ground. Trimming the output voltage will 
not affect the TC of the device. 

Noise Reduction 

A 1/iF capacitor between the NR (noise reduction) pin (3) and 
ground will reduce the noise of the LT 1027 from 2.5/iVrms to 
1-5/iVrms in a 0.1Hz to 1kHz bandwidth. The pin should be 
left open if not used. Open circuit voltage on the NR pin is 
4.4V. This point goes to the internal amplifier input and is 
gained up to 5.000V. Do not put any DC load on this pin. 


JTWM 
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LTC1049 


rrum. 

TECHNOLOGY Low Power Chopper Stabilized 

Operational Amplifier with 
Internal Capacitors 

April 1989 


FCATUACS DCSCAIPTIOA 


■ Low Supply Current 200/tA 

■ No External Components Required 

■ Maximum Offset Voltage 10/tV 

■ Maximum Offset Voltage Drift 0.1 /jV/°C 

■ Single Supply Operation 4.75V to 16V 

■ Input Common Mode Range Includes Ground 

■ Output Swings to Ground 

■ Typical Overload Recovery Time 25ms 

APPIICATIOAS 

■ 4mA-20mA Current Loops 

■ Thermocouple Amplifiers 

■ Electronic Scales 

■ Medical Instrumentation 

■ Strain Gauge Amplifiers 

■ High Resolution Data Acquisition 


The LTC1049 is a high performance low power chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors usually required externally by other chopper 
stabilized amplifiers are integrated on the chip. Further, 
the LTC1049 offers superior DC and AC performance with 
a nominal supply current of only 200/tA. 

The LTC1049 has an offset voltage of 0.5/tV, with drift of 
0.01/tV/°C, 0.1Hz to 10Hz input noise voltage is 3/tVp-p and 
typical voltage gain is 160dB. The slew rate is 0.8V//ts with 
the gain bandwidth product of 0.8MHz. 

Overload recovery times from positive and negative 
saturation conditions are 6ms and 25ms respectively, a 
very significant improvement over chopper amplifiers us- 
ing external capacitors. 

The LTC1049 is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an 8-pin 
SO package. The LTC1049 can be a plug-in replacement for 
most standard op amps with improved performance. 


TYPICAL APPUCATIOA 


Single Supply Thermocouple Amplifier 


0.06fyiF 
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Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
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LTC1049 


absolute maximum ratiags 

(Note 1) 

Total Supply Voltage (V + to V - ) 18V 

Input Voltage (V + + 0.3V) to (V - -0.3V) 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LTC1049M — 55°C to 125°C 

LTC1049C -40°Cto85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IRFORmATIOR 



TOP VIEW 


ORDER PART 


NC (CASE) 


NUMBER 

NC C 


V + 


-IN 

( 

b) out 

LTC1049MH 

LTC1049CH 

+ IN \ 


NC 


H PACKAGE 

8-LEAD TO-5 METAL CAN 


nc[7 
-IN [7 
+in[T 

TOP VIEW 

8] NC 

T]v+ 

6] OUT 

LTC1049MJ8 

LTC1049CJ8 

LTC1049CN8 

v- [7 


3 NC 


J PACKAGE N PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 



TOP VIEW 


LTC1049CS8 

NC 1 1 ^ 


3 NC 

— !N 


3 V + 


+ IN 


3 OUT 




3 NC 


SO PACKAGE 

8-LEAD PLASTIC SOIC 



ELECTRICRL CHARACTERISTICS 

V$ = ± 5V, Ta = operating temperature range, unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1049M 

MIN TYP MAX 

LTC1049C 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

T a = 25°C (Note 3) 


±2 ±10 

±2 ±10 

mV 

Average Input Offset Drift 

(Note 3) 

• 

±0.02 ±0.1 

±0.02 ±0.1 

iiWC 

Long Term Offset Voltage Drift 



50 

50 

nV/Vmo 

Input Offset Current 

T a = 25°C 

• 

±30 ±60 

±150 

±30 ±100 

±150 

pA 

pA 

Input Bias Current 

T a = 25°C 

• 

±15 ±30 

±800 

±15 ±50 

±150 

pA 

pA 

Input Noise Voltage 

0.1 Hz to 10Hz 


3.0 

3.0 

/•Vp-p 

0.1 Hz to 1Hz 


1.0 

1.0 

/<v P-P 

Input Noise Current 

f= 10Hz (Note 4) 


2.0 

2.0 

fA/VHz 

Common Mode Rejection Ratio 

V C m = V" to 2.7V 

• 

115 130 

110 130 

dB 

Power Supply Rejection Ratio 

V s = ± 2.375V to ±8V 

• 

115 130 

110 130 

dB 

Large Signal Voltage Gain 

R|_ - lOOkO, Vqut = — 4.9 V 

• 

130 160 

130 160 

dB 


XTUDS* 
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LTC1049 


CICCTRICRl CHARACTERISTICS 

Vs = ± 5V, Ta = operating temperature range, unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1049M 

MIN TYP MAX 

LTC1049C 

MIN TYP MAX 

UNITS 

Maximum Output Voltage Swing 

R L =10kQ T a = 25°C 


-4.9/ + 4.2 

-4.9/ + 4.2 

V 

• 

-4.6/ + 3.2 

-4.6/ + 3.2 

V 

R L =1OOk0 

• 

±4.9 ±4.97 

±4.9 ±4.97 

V 

Slew Rate 

R L = 10kQ,C L = 50pF 


0.8 

0.8 

V//iS 

Gain Bandwidth Product 



0.8 

0.8 

MHz 

Supply Current 

No Load T a =25°C 


200 270 

200 300 

mA 

• 

400 

450 

P A 

Internal Sampling Frequency 



700 

700 

Hz 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 


Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high speed automatic test 
systems. V 0 $ is measured to a limit determined by test equipment capability. 
Note 4: Current Noise is calculated from the formula: 


Note 2: Connecting any terminal to voltages greater than V + or less than 
V" may cause destructive latch up. It is recommended that no sources 
operating from external supplies be applied prior to power-up of the 


l N = V(2qTTb) 

where q = 1.6 x 10“ 19 Coulomb. 


LTC1049. 


T€ST CIRCUITS 


Electrical Characteristics 
Test Circuit 


1M 



DC to 10Hz and DC to 1 Hz Noise Test Circuit 


C2 C3 



10Hz 16.20 162k 16.2k 16.20 0.1#iF 1.0/iF 1.0/tF 

1Hz 16.20 162k 162k 162k 1.0/*F I.Q^F I.OjiF 
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LTC1051 


FCATURCS 


TECHNOLOGY D U cil Precision Chopper 

Stabilized Operational Amplifier With 

Internal Capacitors 

May 1989 

DCSCRIPTIOn 


■ Dual Low Cost Precision Op Amp 

■ No External Components Required 

■ Maximum Offset Voltage 5pV 

■ Maximum Offset Voltage Drift 0.05/iVI°C 

■ LowNoise1.5ftVp. p (0.1Hzto10Hz) 

■ Minimum Voltage Gain, 120dB 

■ Minimum PSRR, 120dB 

■ Minimum CMRR, 114dB 

■ Low Supply Current ImA/Op Amp 

■ Single Supply Operation 4.75V to 16V 

■ Input Common Mode Range Includes Ground 

■ Output Swings to Ground 

■ Typical Overload Recovery Time 3ms 

■ Pin Compatible with Industry Standard Dual Op Amps 

APPUCATIOnS 

■ Thermocouple Amplifiers 

■ Electronic Scales 

■ Medical Instrumentation 

■ Strain Gauge Amplifiers 

■ High Resolution Data Acquisition 

■ DC Accurate R, C Active Filters 


The LTC1051 is a high performance, low cost dual chopper 
stabilized operational amplifier. The unique achievement 
of the LTC1051 is that it integrates on chip the sample- 
and-hold capacitors usually required externally by other 
chopper amplifiers. Further, the LTC1051 offers better 
combined overall DC and AC performance than is avail- 
able from other chopper stabilized amplifiers with or with- 
out internal sample/hold capacitors 

The LTC1051 has an offset voltage of 0.5/iV, drift of 
0.01/*V/°C, DC to 10Hz, input noise voltage of 1.5/<V p . p and 
a typical voltage gain of 140dB. The slew rate of 4V//iS and 
a gain bandwidth product of 2.5MHz are achieved with 
only 1mA of supply current per op amp. 

Overload recovery times from positive and negative 
saturation conditions are 1.5ms and 3ms respectively, 
about 100 or more times improvement over chopper ampli- 
fiers using external capacitors. 

The LTC1051 is available in standard plastic and ceramic 
dual in line packages as well as a 16-pin SOL package. The 
LTC1051 can be a plug in replacement for most standard 
dual op amps with improved performance. 


TYPICAL APPLICATIOA 


High Performance Low Cost Instrumentation Amplifier 

R1 



MEASURED INPUT V 0S W 

MEASURED INPUT NOISE 2/^Vp-p (DC -10Hz) 



10 100 Ik 10k 

FREQUENCY (Hz) 


/Tiiim 

TECHNOLOGY 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LTC1051 


absolute mnximum ratiags 

Total Supply Voltage (V + to V - ) 18V 

Input Voltage (V+ + 0.3V) to (V- - 0.3V) 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LTC1051M -55°C to 125°C 

LTC1051C - 40°C to 85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORfflRTlOR 


OUT A 

IN A 

+ IN A 

v- 

JP/ 

8-LEAD 


TOP VIEW 


ORDER PART 
NUMBER 

E 

E 

E 

E 


jQv+ 

TJoutb 

|J —IN B 

7) -f IN B 

LTC1051MJ8 

LTC1051CJ8 

LTC1051CN8 

CKAGE N PACKAGE 

ERAMIC DIP 8-LEAD PLASTIC DIP 



TOP VIEW 



NC [T 

9 


ij| NG 

LTC1051CS 

NO JT 



15j NC 


out a [7 



uj v + 


-IN A [7 



T 3 J OUT b 


+ IN A (T 



T2J -IN B 


V- [? 



TTJ +IN B 


NC [7 



To] NC 


NC [7 



9]NC 




SO PACKAGE 




16-LEAD PLASTIC SOIC 




€l€CTRICRl CHARACTERISTICS 

Vs = ± 5V, Ta = operating temperature range unless otherwise specified. 


PARAMETER 

CONDITIONS 

LTC1051 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 


±0.5 ±5 

#.V 

Average input Offset Drift 


• 

±0.0 ±0.05 

aV/°C 

Long Term Offset Drift 



50 

nV/VMo 

Input Bias Current 

T a = 25°C 


±15 ±65 

pA 


LTC1051C 

• 

±125 

pA 


LTC1051M 

• 

±450 

PA 

Input Offset Current 

T a = 25°C 


±30 ±125 

pA 



• 

±175 

PA 

Input Noise Voltage 

R s = 1000, DC to 10Hz 


1.5 

ftVp-p 


R s = 10012, DC to 1Hz 


0.4 

/tV p .p 

Input Noise Current 

f = 10Hz 


2.2 

fA/VHz 

Common Mode Rejection Ratio, CMRR 

V C m = V- to +2.7 V,T a = 25°C 


114 130 

dB 



• 

110 

dB 

Differential CMRR 



114 

dB 

Power Supply Rejection Ratio 

V s = ± 2.375V to ±8V 

• 

120 140 

dB 

Large Signal Voltage Gain 

R L = 1 0kQ, V 0U t = ±4V 

• 

120 160 

dB 

Maximum Output Voltage Swing 

R l = 10kQ 

• 

±4.7 ±4.85 

V 


R l = lOOkfi 


±4.95 

V 

Slew Rate 

R L = lOkfi, C L = 50pF 


4 

Mln s 

Gain Bandwidth Product 



2.5 

MHz 

Supply Current 

NoLoad,T A =25°C 


2 3.25 

mA 



• 

4.5 

mA 

Internal Sampling Frequency 



3 

kHz 


Vs = 5V, GND, Ta = operating temperature range unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

LTC1051 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 



±0.5 

±5 

lN 

Input Offset Drift 




±0.01 

±0.05 

aV/°C 

Input Bias Current 

T a = 25°C 



±10 

±50 

PA 

Input Offset Current 

T a = 25°C 



±20 

§ 

+1 

PA 

Input Noise Voltage 

DC to 10Hz 


1.8 

jtVp-p 

Supply Current 

No Load,T A =25°C 

• 

1 2 

mA 


The • denotes the specifications which apply over the full operating temperature range. 
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LTC1 064-2 
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TECHNOLOGY l_ ow |\j 0 j se< High Frequency, 
8th Order Butterworth Lowpass Filter 


May 1989 


F€ATUR€S 

■ 8th Order Filter in a 14-Pin Package 

■ 140kHz Maximum Corner Frequency 

■ No External Components 

■ 50:1 and 100:1 Clock to Cutoff Frequency Ratio 

■ 80/jVrms Total Wideband Noise 

■ 0.03% THD or Better 

■ Operates from ± 2.37V to +8V Power Supplies 


APPLICATIOAS 

■ Antialiasing Filters 

■ Smoothing Filters 

■ Tracking High Frequency Lowpass Filters 


DCSCAIPTIOA 

The LTC1064-2 is a monolithic 8th order lowpass butter- 
worth filter, which provides a maximally flat passband. 
The attenuation slope is - 48dB/octave and the maximum 
attenuation is in excess of 80dB. An external TTL or CMOS 
clock programs the filter’s cutoff frequency. The clock to 
cutoff frequency ratio is 100:1 (pin 10 at negative supply) 
or 50:1 (pin 10 at V + ). The maximum cutoff frequency is 
140kHz. No external components are needed. 

The LTC1064-2 features low wideband noise and low har- 
monic distortion even for input voltages up to 3Vrms. In 
fact the LTC1064-2 overall performance competes with 
equivalent multi-op amp RC active realizations. The 
LTC1064-2 is available in a 14-pin DIP or 16-pin surface 
mounted SOL package. The LTC1064-2 is fabricated using 
LTC’s enhanced analog CMOS Si-gate process. 

The LTC1064-2 is pin compatible with the LTC1064-1. 


TYPICAL APPUCATIOA 


8th Order Clock Sweepable 
Lowpass Butterworth Filter 



NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0. 1 M F 
CAPACITOR CLOSE TO THE PACKAGE THE NC PINS 1,6,8, AND 
13 SHOULD BE PREFERABLY GROUNDED. 


Measured Frequency Response 

OdB 
— 1 5dB 
— 30dB 
«S-45dB 
> — 60dB 
— 75dB 
-90dB 
— 105dB 

0 100 200 300 400 500 600 700 

FREQUENCY (kHz) 
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Specifications on this datasheet are preliminary only, and subject to 
cnange without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LTC1064-2 


ABSOLUTE fflAXimum RATIRGS 


Total Supply Voltage (V + to V - ) 16.5V 

Power Dissipation 400mW 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Operating Temperature Range 

LTC1064-2M -55°Cto125°C 

LTC1064-2C -40°Cto85°C 


PACKAGE/ORDER lAFORfflATlOA 




TOP VIEW 


ORDER PART 

NC 

E 


4| OUT C 

NUMBER 

V| N |2 


7| NC 


AGND 

E 


3 v- 

LTC1064-2MJ 

V + 

E 

LTC1 064-2 

3 *CLK 

LTC1064-2CJ 

AGND [7 


0] 50/100 

LTC1064-2CN 

NC [[ 


3 V 0U T 


Bin A [7 


3 NC 


J PACKAGE N PACKAGE 


14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 




TOP VIEW 


LTC1064-2CS 

NC [7 



3 OUT C 


VlN (7 



3 NC 


AGND [7 



HI v_ 


v+ |7 

i : 


13| NC 


AGND [7 


LTC 1064-2 

HI f CLK 


NC [7 



3 50/100 


NC [7 



io| NC 


Bin A E 



U VoUT 




S PACKAGE 




16-LEAD PLASTIC SOL 




ELECTRICAL CHARACTERISTICS 

V$= ± 7.5V, 100:1, Iclk = 2MHz, R1 = lOkfi, Ta= 25°, TTL clock input level, unless otherwise specified. 


PARAMETER 

I CONDITIONS I 

MIN 

TYP 

MAX 

UNITS 

Passband Gain (Note 1) 

Referenced to OdB, 1Hz to 1kHz 

• 

-0.5 


0.15 

dB 

GainTempCo 




0.0002 


dB/°C 

-3dB Frequency 

100:1 



20 


kHz 


50:1 



40 


kHz 

Gain at -3dB Frequency 

Referenced to OdB, f iN = 20kHz 

• 


-3 

“2.75 

dB 

Stopband Attenuation 

At 1 -5f _ 3dB , 50:1, f, N = 60kHz 

• 

24 

27 


dB 

Stopband Attenuation 

At 2f _ 3dB , 100:1 , f !N = 40kHz 

• 

-46 

47 


dB 

Stopband Attenuation 

At 3f. 3dB , 100:1, f, N = 60kHz 



74 


dB 

Stopband Attenuation 

At 4f_ 3dB , 100:1, f, N = 80kHz 



90 


dB 

Input Frequency Range 

100:1 


0 


<W 2 

kHz 


50:1 


0 


<fcLK 

kHz 

Output Voltage Swing and 

V s =± 2.37V 

• 

-1.0 


1.0 

V 

Operating Input Voltage Range 

V s = ±5V 

• 

“3.1 


3.2 

V 


V s = ±7.5V 

• 

-5.0 


5.2 

V 

Total Harmonic Distortion 

V s = ± 5V, Input = 1 Vrms at 1 kHz 



0.015 


% 


V s = ± 7.5V, Input = 3V R m S at 1 kHz 



0.03 


% 

Wideband Noise 

V s = ± 5 V, Input = GND 1 Hz-1 .99MHz 



80 


#* V RMS 


V s = ± 7.5V, Input = GND 1 Hz-1 .99MHz 



90 


aVrms 

Output DC Offset (Note 1) 

V s = ± 7.5V 



±30 

±125 

mV 

Output DC Offset TempCo 

V s =±5 V 



-90 


/tV/°C 
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LTC1064-2 


ClCCTAICAl CHAAACTCAISTICS 

Vs = ± 7.5V, 100:1, fcLK = 2MHz, R1 = lOkfi, Ta = 25°, TTL clock input level, unless otherwise specified. 


PARAMETER 

CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Input Impedance 



10 

20 


kfi 

Output Impedance 

fouT~ 10kHz 


2 

Q 

Output Short Circuit Current 

Source/Sink 


3/1 

mA 

Clock Feedthrough 



200 

/* V RMS 

Maximum Clock Frequency 

50% Duty Cycle, V S =±5V 




5 

MHz 


50% Duty Cycle, T A = 25°C, V s = ± 7.5V 




7 

MHz 

Power Supply Current 

V s = ± 2.37V, f CLK = 1MHz 

• 



16 

mA 


V s =±5V,f CLK =1MHz 



12 

18 

mA 



• 



22 

mA 


V s = ± 8V, f CLK = 1 M Hz 



16 

20 

mA 



• 



28 

mA 

Power Supply Voltage Range 


• 

±2.37 


±8 

V 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: For tighter specifications contact LTC Marketing. 


TYPICAL P€RFOAfflAAC€ CHARACTCRISTICS 


Graph 1. Amplitude Response 




0123456789 10 11 
flN (kHz) 


Graph 3. Group Delay vs 
Frequency 



0123456789 10 11 
1 1 N (kHz) 


Graph 4. Total Harmonic Distortion = 0.03%, 
Input = 3V R ms at 1 kHz, V s = ± 7.5 V, 
f C LK = 1 MHz, 100:1 f _ mb = 10kHz 



Graph 5. Wideband Noise =87/iVrms. 
V S =± 7.5V, f CL K=2MHz, 100:1 
f_ 3dB = 20kHz 




XTUDKi 
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LTC1064-2 


tvpkai PCRFOAmnnce chrrrctcristics 


Graph 6. Power Supply vs Current 



0 2 4 6 8 10 12 14 16 18 20 22 24 
POWER SUPPLY VOLTAGE (V) 


Graph 7. Amplitude Response 
with Pin 10 at Ground 



1 10 100 
f IN (kHz) 


pin DcscRipnon 

The power supply pins (4, 12), clock pin (11), Input/output 
pins (2, 9) and analog ground pins (3, 5) are fully discussed 
in the LTC1064-1 datasheet. 

The “no connection” pins (1, 6, 8, 13) should be preferably 
grounded, especially when high cutoff frequencies are 
sought. 


When the 50/100 pin (10) is connected to V + , the fcLK/f-3dB 
ratio is equal to 50. When pin 10 is at V - , the fcLK/f-3dB 
ratio equals 100. When pin 10 is grounded (or floated), the 
passband of the filter loses its flatness, Graph 7, and its 
amplitude response does not approximate a Butterworth 
filter. 
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ragyUDKl^Y 

LTC1064-3 

Low Noise, High Frequency, 
8th Order Linear Phase Lowpass Filter 

March 1989 



F€flTUft€S 

■ 8th Order Filter in a 14-Pin Package 

■ 100kHz Maximum Corner Frequency 

■ No External Components 

■ 75:1 and 150:1 Clock to Cutoff Frequency Ratio 

■ 80/»Vrms Total Wideband Noise 

■ 0.005% THD or Better 

■ Operates from ± 2.37V to ±8V Power Supplies 

■ Low Total Output DC Offset 


nppucMions 

■ Antialiasing Filters 

■ Smoothing Filters 

■ Tracking High Frequency Lowpass Filters 


DCSCRIPTIOn 

The LTC1064-3 is a monolithic 8th order lowpass Bessel fil- 
ter, which provides a linear phase response over its entire 
passband. An external TTL or CMOS clock programs the 
filter’s cutoff frequency. The clock to cutoff frequency ra- 
tio is 75:1 (pin 10 at V + ) or 150:1 (pin 10 at V - ). The maxi- 
mum cutoff frequency is 100kHz. No external components 
are needed. 

The LTC1064-3 features low wideband noise and low har- 
monic distortion even for input voltages up to 3Vrms. In 
fact the LTC1064-3 overall performance competes with 
equivalent multi-op amp RC active realizations. The 
LTC1064-3 is available in a 14-pin DIP or 16-pin surface 
mounted SOL package. The LTC1064-3 is fabricated using 
LTC’s enhanced analog CMOS Si-gate process. 

The LTC1064-3 is pin compatible with the LTC1064-1, -2, 
and -4. 


TYPICAL APPUCATIOfl 


8th Order Clock Sweepable 

Lowpass Bessel Filter Measured Frequency Response 



NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0. 1,tF 
OR BETTER CAPACITOR CLOSE TO THE PACKAGE. THE 
CONNECTION BETWEEN PINS 7 AND 14 SHOULD BE MADE UNDER 
THE I.C. PACKAGE. 



10 100 

FREQUENCY (kHz) 

GROUP DELAY =9pS 


XTUDSSl 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LTC1 064-4 


rrumi 

TECHNOLOGY Low Noise, 8th Order, Clock 
Sweepable Cauer Lowpass Filter 

February 1989 


F€ATUR€S 

■ 8th Order Filter in a 14-Pin Package 

■ 80dB or More Stopband Attenuation 

■ 50:1 and 100:1 Clock to Center Ratio 

■ 130/jVrms Total Wideband Noise 

■ 0.03% THD or Better 

■ 100kHz Maximum Cutoff Frequency 

■ Operates up to +8V Power Supplies 

■ Input Frequency Range up to 50 Times the Filter 
Cutoff Frequency 


APPLICATIOAS 

■ Antialiasing Filters 

■ Telecom Filters 

■ Sinewave Generators 


DCSCRIPTIOn 

The LTC1064-4 is an 8th order, clock sweepable Cauer low- 
pass switched capacitor filter. An external TTL or CMOS 
clock programs the value of the filter’s cutoff frequency. 
With pin 10 at V + , the clock to cutoff frequency ratio is 
50:1; the passband ripple is ±0.1dB and the stopband 
attenuation is 80dB at 2x fcuTOFF- Cutoff frequencies up 
to 100kHz can be achieved. When pin 10 is at V - , the filter 
has a transitional Butterworth-Cauer response with a 
clock to -3dB frequency ratio of 100:1. The stopband 
attenuation of 92dB is at 2.5 times the cutoff frequency. 

The LTC1064-4 features low noise and low harmonic dis- 
tortion even when input voltages up to 3Vrms are applied. 
The LTC1064-4 overall performance competes with equiva- 
lent multi-op amp RC active realizations. The LTC1064-4 is 
pin compatible with the LTC1064-1, LTC1064-2, and 
LTC1064-3. 

The LTC1 064-4 is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 


TYPICAL APPUCATIOA 


8th Order Clock Sweepable 
Lowpass Elliptic Filter 



NOTE: THE POWER SUPPLIES SHOULD BE BYPASSED BY A 0.1#cF 
CAPACITOR CLOSE TO THE PACKAGE. 

BYPASSING PIN 10 WITH A 0. 1/iF DISC CERAMIC CAPACITOR 
IMPROVES CLOCK FEEDTHROUGH. 

FOR CUTOFF FREQUENCY ABOVE 40kHz, USE 27pF-5pF 
COMPENSATION CAPACITORS. BETWEEN PINS 13 AND 1 AND 6 AND 7 
THE CONNECTION BETWEEN PINS 7 AND 14 SHOULD BE 
PHYSICALLY DONE UNDER THE PACKAGE. 



10k 100k 1M 

FREQUENCY (Hz) 

CURVEA:f C LK=2MHz, 100:1 
CURVE B:f CL K=2MHz, 50:1 
CURVE C:f CL K=5MHz, 50:1 

C C0MP1 = 18 P F 
CcOMP2=24pF 
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Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
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LT1074 


rrunmi 

TECHNOLOGY Switching Regulator 

June 1989 


FCATUACS 

■ 5A On-Board Switch 

■ Up to 200kHz Switching Frequency 

■ Greatly Improved Dynamic Behavior 

■ Available in Low Cost 5-Lead Packages 

■ Only 7mA Quiescent Current 

■ Programmable Current Limit 

■ Operates Up to 60V Input 

■ includes Output Voltage Monitor 

■ Micropower Shutdown Mode 

APPUCATIOAS 

■ 5A Buck Converter with Output Voltage Range of 
2.5V to 50V 

■ Tapped Inductor Buck Converter with 10A Output at 5V 

■ Positive-to-Negative Converter, 4.5V to 50V Input, 

-3.5V to -40V Output 

■ Negative Boost Converter, -4.5V to -40V Input, 

— 8V to -50V Output 

■ Multiple Output Buck Converter 

■ Single or Multiple Output Flyback or Forward Converter 

DCSCAIPTIOA 

The LT1074 is a 5A monolithic bipolar switching regulator 
which requires only a few external parts for normal opera- 
tion. The power switch, all oscillator and control circuitry, 
all current limit components, and an output monitor are in- 
cluded on the chip. The topology is a classic positive 
“buck” configuration but several design innovations allow 
this device to be used as a positive to negative converter, 


a negative boost converter, and as a flyback or forward 
converter. The switch output is specified to swing 40V be- 
low ground. This feature permits the LT1074 to use a 
tapped inductor in the buck mode, with output currents up 
to 10A using no external switch transistor. 

The LT1074 uses a true analog multiplier in the feedback 
loop. This makes the device respond nearly instanta- 
neously to input voltage fluctuations and makes loop gain 
independent of input voltage. As a result, dynamic behav- 
ior of the regulator is significantly improved over previous 
voltage mode designs without the complexity and noise 
sensitivity of current mode approaches. 

On-chip pulse by pulse current limiting makes the LT1074 
nearly bust-proof for output overloads or shorts, and 
avoids surge damage to external components. The input 
voltage range as a buck converter is 8V to 60V, but a 
self-boot feature allows the device to operate with input 
voltages as low as 4.5V in the inverting and boost 
configurations. 

The LT1074 is available in low cost 5-lead TO-220 or TO-3 
packages with frequency pre-set at 100kHz and current 
limit at 7A. An 11-pin single-in-line package (SIP) is also 
available which allows switching frequency to be in- 
creased to 200kHz and current limit to be adjusted down 
to zero. In addition, full micropower shutdown can be pro- 
grammed as well as external current sensing, and soft 
start. An output monitor “status” pin can be used as a mi- 
croprocessor reset, and a complementary output pin will 
allow implementation of ultra-high-efficiency designs. 


TYPICAL APPLICATION! 


Basic Positive Buck Converter 

Lit 



‘OPTIONAL - USE IF CONVERTER IS MORE THAN 2 " I 

FROM RAW SUPPLY FILTER CAPACITOR V 

tpULSE ENGINEERING, INC. #PE-92114 



0 1 2 3 4 5 6 

SWITCH CURRENT (A) 


u\m 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LT1074 


ABSOLUTE fflAXimUffl RATIAGS 

Input Voltage 

LT1074 45V 

LT1074HV 64V 

Switch Voltage with Respect to Input Voltage 

LT1074 64V 

LT1074HV 75V 

Switch Voltage with Respect to Ground Pin 

LT1074 35V 

LT1074HV 45V 

Feedback Pin Voltage -2V, +10V 

Shutdown Pin Voltage 40V 

Status Pin Voltage 30V 

(Current Must Be Limited to 5mA When Status Pin 
Switches “On”) 

Complementary Output Voltage 40V 

(Current Must Be Limited to 15mA When Output 
Switches “On”) 

Ilim Pin Voltage (Forced) 4.5 V 

ExtLim Pin Voltage Vin - 2V to % + 0.4V 

Freq Pin Voltage 5.5V 

Maximum Operating Ambient Temperature Range 

LT1074C, LT1074HVC 0°Cto70°C 

LT1074M, LT1074HVM - 55°C to 125°C 

Maximum Operating Junction Temperature Range 

LT1074C, LT1074HVC 0°Cto100°C 

LT1074M, LT1074HVM - 55°C to 150°C 

Maximum Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PflCKAG€/ORD€ft MFOAfflATlOA 



K PACKAGE 

4-LEAD TO-3 METAL CAN 



5 

o 

4 

3 

2 

Ol 



T PACKAGE 
5-LEAD TO-220 

LEADS ARE FORMED STANDARD 
FOR STRAIGHT LEADS, ORDER 
FLOW 06 


FRONT VIEW 



CASE IS CONNECTED TO GROUND 
LEADS ARE FORMED. 


ORDER PART 
NUMBER 


LT1074MK 

LT1074HVMK 

LT1074CK 

LT1074HVCK 


LT1074CT 

LT1074HVCT 


LT1074CV 

LT1074HVCV 
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LT1074 


eiCCTRICRl CHRRRCT€RISTICS Tj = 25°C, Vin = 25V, unless otherwise noted. 


PARAMETER 

i CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Switch “On” Voltage (Note 1) 

l sw =1AJj>0 o C 




1.8 

V 


l SW = 1 A, Tj<0°C 




2.0 

V 


l S w=5A,Tj>0 o C 




2.3 

V 


lsw=5A,Tj<0°C 




2.5 

V 

Switch “Off” Leakage 

(Note 6, 7) 



1 

300 

pA 

Supply Current 

V FB = 2.5V, V,n < Vmax (Note 2, 7) 



7 

9 

mA 

Minimum Supply Voltage 

Normal Mode 

• 


7.3 

8 

V 


Startup Mode 

• 


3.5 

4.5 

V 

Switch Current Limit 

Ilim Open 

• 

5 

6.5 

8.5 

A 


R um = 14k (Note 5) 



5 


A 


Rum = 8.4k (Note 5) 



3 


A 

Switching Frequency 



90 

100 

110 

kHz 



• 

85 


125 

kHz 


V FB = 0V through 2kQ 



20 



Error Amplifier Voltage Gain 

1V<V C <4V 


2000 

V/V 

Error Amplifier Transconductance 



4000 

/imho 

Feedback Pin Bias Current 

Vfb = Vref 

• 


0.5 

2 

rA 

Reference Voltage 

V C =2V 

• 

2.155 

2.21 

2.265 

V 

Reference Voltage Tolerance 




±0.5 

±1.5 

% 


All Conditions of Input Voltage, Output 

• 


±1 

±2.5 

% 


Voltage, Temperature and Load Current 






Error Amplifier Source and Sink Current 

Source (V fb =2V) 



140 


rA 


Sink (V FB = 2.5V) 



800 


rA 

V c Voltage at 0% Duty Cycle 




1.6 


V 


Over Temperature 

• 


-4 


mV/°C 

Multiplier Reference Voltage 



j 20 | 

V 

Reference Voltage Line Regulation 

8VsV| N <V MAX (Note7) 



0.005 

0.02 | 

%/V 

Switching Frequency Line Regulation 

8V<V| N <V MAX (Note7) 


| 0.05 | 

%/V 

Shutdown Pin Current 

Vsh = 5V 

• 

5 

10 

20 

rA 


V SH ^ V THRESHOLD ( ~ 2.5V) 

• 



50 

rA 

Shutdown Thresholds 

Switch Duty Cycle = 0 

• 

2.15 

2.35 

2.55 

V 


Fully Shut Down 

• 

0.2 

0.3 

0.5 

V 

Status Window 

As a Percent of Feedback Voltage 

• 

4 

±5 

6 

% 

Status High Level 

•status =° 

• 

3.5 

4.0 

5.0 

V 

Status Low Level 

•status = 1 - 6m A 

• 


0.25 

0.4 

V 

Status Delay Time 



9 

fcS 

Status Minimum Width 



25 

ftS 

Freq Pin Voltage 

R FREQ =t5k 


1.7 

V 

COMOUT Saturation Voltage 

•sink= 10mA 


0.7 

V 

COMOUT Leakage 

Vcomout=20V 

• 

1 

R A 


The • denotes the specifications which apply over the full operating tem- 
perature range. 

Note 1: To calculate maximum switch “on” voltage at currents between 1 A 
and 5A, a linear interpolation may be used. 

Note 2: A feedback pin voltage (V FB ) of 2.5V forces the V c pin to its low 
clamp level and the switch duty cycle to zero. This approximates the zero 
load condition where duty cycle approaches zero. 

Note 3: Total voltage from V !N pin to ground pin must be >8V after startup 
for proper regulation. 


Note 4: Switch frequency is internally scaled down when the feedback pin 
voltage is less than 0.6V to avoid extremely short switch on times. During 
testing, V FB is adjusted to give a minimum switch on time of tys. 

Note 5: This design center value may change slightly on the final data- 
sheet. 

Note 6: Switch off leakage is measured with V| N = V MAX and V sw = 0V. 

Note 7: V MAX = 40V for the LT1074 and 60V for the LT1074HV. 


XTU® 
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LT1074 


BLOCK DIAGRAAI DCSCAIPTIOA 

A switch cycle in the LT1074 is initiated by the oscillator 
setting the R/S latch. The pulse that sets the latch also 
locks out the switch via gate-GI. The effective width of 
this pulse is approximately 700ns, which sets the maxi- 
mum switch duty cycle to approximately 93% at 100kHz 
switching frequency. The switch is turned off by compara- 
tor Cl, which resets the latch. Cl has a sawtooth wave- 
form as one input and the output of an analog multiplier as 
the other input. The multiplier output is the product of an 
internal reference voltage, and the output of the error am- 
plifier, A1, divided by the regulator input voltage. In stand- 
ard buck regulators, this means that the output voltage of 
A1 required to keep a constant regulated output is in- 
dependent of regulator input voltage. This greatly im- 
proves line transient response, and makes loop gain 
independent of input voltage. The error amplifier is a 
transconductance type with a Gm at null of approximately 
4000/imho. Slew current going positive is 140 microamps, 
while negative slew current is about 800 microamps. This 
asymmetry helps prevent overshoot on startup. Overall 
loop frequency compensation is accomplished with a 
series RC network from Vc to ground. 

Switch current is continuously monitored by C2, which re- 
sets the R/S latch to turn the switch off if an overcurrent 
condition occurs. The time required for detection and 
switch turn off is approximately 600ns, so minimum 
switch “on” time in current limit is 600ns. Under dead 
shorted output conditions, switch duty cycle may have to 
be as low as 2% to maintain control of output current. This 
would require switch on time of 200ns at 100kHz switching 
frequency, so frequency is reduced at very low output volt- 
ages by feeding the FB signal into the oscillator and creat- 
ing a linear frequency downshift when the FB signal drops 
below IV. Current trip level is set by the voltage on the Ilim 
pin which is driven by an internal 320 microamp current 
source. When this pin is left open, it self-clamps at about 
4.5V and sets current limit at 6.5A. In the 11-pin package 
an external resistor can be connected from the Ilim pin to 
ground to set a lower current limit. A capacitor in parallel 
with this resistor will soft-start the current limit. A slight 
offset in C2 guarantees that when the Ilim pin is pulled to 
within 200mV of ground, C2 output will stay high and force 
switch duty cycle to zero. 


An output voltage monitor is included on the chip. Its out- 
put is available only on the 1 1-pin version. The monitor out- 
put goes low when the voltage on the FB pin is more than 
5% above or below the normal regulated value. This pin 
can be used to “hold off” load functions until the regulator 
output is normal or it can be used as a microprocessor 
reset. 

The “Freq” pin is used to raise switching frequency, and to 
synchronize the oscillator to an external signal. A resistor 
to ground will raise frequency. A 3V-5V pulse coupled 
through a diode will synchronize the internal oscillator 
from 110% to 160% of its normal frequency. The pulse 
should be 300ns wide. Synchronizing can also be done 
with the 5-lead LT1074 by pulling the Vc pin to ground for 
300ns with a transistor. This has only a slight effect on 
regulated output voltage if the series resistor in the fre- 
quency compensation network is at least M 

The “Shutdown” pin is used to force switch duty cycle to 
zero by pulling the Ilim pin low, or to completely shut down 
the regulator. Threshold for the former is approximately 
2.35V, and for complete shutdown, approximately 0.3V. 
Total supply current in shutdown is about 100 microamps. 
A 10 microamp pull-up current forces the shutdown pin 
high when left open. A capacitor can be used to generate 
delayed startup. A resistor divider will program “undervolt- 
age lockout” if the divider voltage is set at 2.35V when the 
input is at the desired trip point. 

The “Comout” pin is an open collector switch whose volt- 
age is the complement of the switch output (Vsw)- In addi- 
tion, the falling edge of Comout is slightly time-shifted to 
avoid overlap with Vsw. Comout is used to drive external 
MOSFETs in certain multiple-output and very high effi- 
ciency applications. 

The switch used in the LT1074 is a Darlington NPN driven 
by a saturated PNP. Special patented circuitry is used to 
drive the PNP on and off very quickly even from the satura- 
tion state. This particular switch arrangement has no 
“isolation tubs” connected to the switch output, which 
can therefore swing to 40V below ground. 





LT1074 


TYPICAL APPLKATIOnS 

Tapped Inductor Buck Converter 



FROM RAW SUPPLY FILTER CAPACITOR 
**TAPPED INDUCTOR TOPOLOGY HAS A SQUARE WAVE 
COMPONENT OF OUTPUT RIPPLE. A 5/tH, 200/tF 
OUTPUT FILTER CAN BE ADDED, 
t TAPPED AT 3:1; PULSE ENGINEERING, INC. 0PE-65282 
1 1 MOTOROLA MBR1N5828 


Positive to Negative Converter 



•OPTIONAL - USE IF CONVERTER IS MORE THAN 2" 
FROM RAW SUPPLY FILTER CAPACITOR 
** LOWER OUTPUT RIPPLE CAN BE OBTAINED BY 
PARALLELING SEVERAL LOWER VALUE CAPACITORS. 
AN OUTPUT FILTER OF 5/iH, 100/tF WILL GIVE 
20:1 RIPPLE ATTENUATION WITH AN ESR OF 0.18 
ON THE 100 /m.F CAPACITOR. 
tpULSE ENGINEERING, INC. #PE-51590 
ttMAXIMUM OUTPUT CURRENT IS 1.5A AT V IN =5V, 
3A AT V| N = 1 5 V, AND 3.5A AT V | N = 30V 


Negative Boost Converter 



-4.5V TO -15V 


•OPTIONAL - USE IF CONVERTER IS MORE THAN 2 " 
FROM RAW SUPPLY FILTER CAPACITOR 
**USE PARALLEL UNITS OF LOWER VALUE FOR 
LOWER RIPPLE, OR ADD AN OUTPUT FILTER. 

5/tH AND 100/tF WITH ESR = 0.112 WILL GIVE 
20:1 RIPPLE ATTENUATION. 
tpULSE ENGINEERING, INC. #PE-51590 
ttMAXIMUM OUTPUT CURRENT IS 0.8A AT V, N = —5V, 
1.7A AT V| N = — 8V, AND2.7 AATV|n=-12V. 
OUTPUT SHORTS ARE NOT ALLOWED ON A BOOST 
CONVERTER BECAUSE LI AND D1 WOULD 
SHORT THE INPUT SUPPLY. 


irmm 
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rj urm 

TECHNOLOGY 


F€ATUA€S 

■ 60/tA Max Supply Current 

■ 40/iV Max Offset Voltage 

■ 350pA Max Offset Current 

■ 0.5/tVp-p 0.1 Hz to 10Hz Voltage Noise 

■ 2.5pAp-p 0.1 Hz to 10Hz Current Noise 

■ 0.4/tV/°C Offset Voltage Drift 

■ 250kHz Gain-Bandwidth-Product 

■ 0.12V//iS Slew Rate 

■ Single Supply Operation 

Input Voltage Range Includes Ground 
Output Swings to Ground while Sinking Current 
No Pull-Down Resistors are Needed 
* Output Sources and Sinks 5mA Load Current 


APPUCATIOAS 

■ Replaces OP-07, OP-77, AD707, LT1001, LT1012 
at 10 to 60 Times Lower Power 

■ Battery or Solar Powered Systems 

■ 4mA to 20mA Current Loops 

■ Two Terminal Current Source 

■ Megaohm Source Resistance Difference Amplifier 


[pcmoMD 


Micropower, Single Supply, 
Precision Op Amp 

March, 1989 

DCSCRIPTIOn 

The LT1077 is a micropower precision operational amplifier 
optimized for single supply operation at 5V. ± 15V speci- 
fications are also provided. 

Micropower performance of competing devices is achieved 
at the expense of seriously degrading precision, noise, 
speed, and output drive specifications. The LT1077 reduces 
supply current without sacrificing other parameters. The 
offset voltage achieved is the lowest of any micropower op 
amp. Offset current, voltage and current noise, slew rate 
and gain-bandwidth product are all two to ten times better 
than on previous micropower op amps. 

The 1/f corner of the voltage noise spectrum is at 0.7Hz. 
This results in low frequency (0.1Hz to 10Hz) noise perform- 
ance which can only be found on devices with an order of 
magnitude higher supply current. 

The LT1077 is completely plug-in compatible (including nul- 
ling) with all industry standard precision op amps. Thus, it 
can replace these precision op amps in many applications 
without sacrificing performance, yet with significant power 
savings. 

The LT1077 can be operated from one lithium cell or two 
Ni-Cad batteries. The input range goes below ground. The 
all-NPN output stage swings to ground while sinking cur- 
rent— no pull-down resistors are needed. 

For dual and quad op amps with similar specifications 
please see the LT1078/LT1079 datasheet. 


PACKAG€ MFORfflATlOA 


TOP VIEW 

V 0S TRIM 
-IN 
+ IN 

v- 

J PACKAGE N PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 



TOP VIEW 

V os TRIM 
-IN 
+ IN 

v- 

SO PACKAGE 
8-LEAD PLASTIC SOIC 



TOP VIEW 
Vqs TRIM 



V- 

H PACKAGE 

8-LEAD TO-5 METAL CAN 


Distribution of Input Offset Voltage 



-40 -30 -20 -10 0 10 20 30 40 

INPUT OFFSET VOLTAGE ( M V) 


XTIffiS 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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Adjustable Low Dropout Regulator 


with Kelvin-Sense Inputs 


June 1989 


F€flTUft€S 

■ Five Terminal Adjustable 

■ Separate Sense Inputs Allow True Kelvin Sensing 

■ Easily Parallelable 

■ Operates Down to IV Dropout 

■ Guaranteed Dropout Voltage at Multiple Current Levels 

■ 0.05% Line Regulation 

■ 0.1 % Load Regulation at the Sense Point 


DCSCftlPTIOfl 

The LT1087 is a variation of the LT1084 Adjustable Low 
Dropout 3 Terminal Regulator. The sense points of the in- 
ternal reference/error amp are brought out to allow added 
flexibility. These sense pins can be used in several ways. 


They can be used for true Kelvin sensing of the output volt- 
age at a remotely located load. They can be used to force 
the devices to share current equally when more than one 
device is wired in parallel, allowing the user to easily build 
higher current modules. This device is designed to provide 
5A of output current. All internal circuitry is designed to 
operate down to IV input to output differential and the 
dropout voltage is fully specified as a function of load cur- 
rent. On-chip trimming adjusts the reference voltage to 
1%. Current limit is also trimmed, minimizing the stress 
on both the regulator and power source circuitry under 
overload conditions. A 10/tF output capacitor is required 
on these devices; however, this is usually included in most 
regulator designs. 

Unlike PNP regulators, where up to 10% of the output cur- 
rent is wasted as quiescent current, the LT1087 quiescent 
current flows into the load, increasing efficiency. 
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Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LT1087 


absolute maximum ratiags 

Power Dissipation Internally Limited 

Input to Output Voltage Differential 

“M" Grade 35V 

“C” Grade 30V 

Differential Voltage Between Sense Pins 

(IV+SENSE- V_SENSEl) 4V 

Sense Pin Voltage 

Range (V out* — 1 V) < V + sense ^ (Vout* + 0.4V) 

Operating Junction Temperature Range 


“M” Grade 

Control Section -55°Cto150°C 

Power Transistor -55°Cto200°C 

“C” Grade 

Control Section 0°C to 125°C 

Power Transistor 0°C to 150°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


*Vqut is referring to the regulator output pin voltage. 

PftCCOADITIOnmG 

100% Thermal Limit Burn-In 


PACKAGE/ORDER IRFOflmRTIOn 



ELECTRICAL CHARACTERISTICS (See Note 1) 


PARAMETER 

Reference Voltage 


Line Regulation 


CONDITIONS 

I 0U t= 10mA,Tj = 25°C, 

(V|n - V 0 ut) = 3V (K Package Only) 

1 0mA < Iqut ^5A 

1.5V<(V| N -V OU t)<25V 

Iload = 10mA, 1.5 V<(V, n - V 0UT )<15V, Tj = 25°C 




MIN 

1.238 

1.225 




M Grade 

15V<(V, n -V OU t)<35V 
C Grade 




Load Regulation 


15V<(V, n -V OU t)<30V 
(Notes 1,2) 

(Vin-V 0 ut) = 3V 
10mA<louT^5A 
Tj = 25°C (Notes 1 , 2) 




Dropout Voltage 

Common Mode Range of Sense 
Pins AVref 

Differential Gain of Sense Pins 

AVref/AVsENSE 

Sense Pin Bias Current 

Minimum Load Current 

Thermal Regulation 


AVref = 1 %, Iqut = 5A, (Note 4) 
(Vout — 1 V)< V + sense ^ Vout 


V + SENSE = V OUT 
V-SENSE = (VQUT-40mV) 


(V|N-Vqut)=25V 
T a = 25°C, 30ms pulse 








TYP 

1.250 

1.250 

0.015 

0.035 

0.05 

0.05 


0.1 

0.2 


1.3 


0.4 


J1 

0.3 

_5 

0.003 


MAX 


UNITS 


1.262 V 


1.270 

0.2 

0.2 


_V 

% 

% 


0.5 % 


0.5 


% 


0.3 

0.4 


1.5 


% 

% 


V 


mV 


10 

0.015 


V/V 

_jA 

mA 

%/W 


XTUDS® 
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LT1087 


€l€CTRICAl CHARACTERISTICS (See Note 1) 


PARAMETER 

| CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Ripple Rejection 

f= 120Hz 

Cadj = 25/iF, Cqut = 25/i F Tantalum 
Iout=5A,(V| N -V OU t) = 3V 

• 

60 

75 


dB 

Adjust Pin Current 

Tj = 25°C 



55 


A A 



• 



120 

nA 

Adjust Pin Current Change 

10mA<l O uT^5A 

1.5V<(V 1n -V 0 ut)*25V 

• 


0.2 

5 

aA 

Temperature Stability 


• 

! 0.5 | 

% 

Long Term Stability 

T a = 125°C, 1000 Hrs. 



0.3 

1 | 

% 

RMS Output Noise (% of V 0 ut) 

T a = 25°C 

10Hz= <f< 10kHz 


0.003 

% 

Thermal Resistance 

K Package: Control Circuitry/Power Transistor 




0.75/2.3 

°c/w 

Junction to Case 

T Package: Control Circuitry/Power Transistor 




0.65/2.7 

°c/w 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: See thermal regulation specifications for changes in output 
voltage due to heating effects. Load and line regulation are measured at a 
constant junction temperature by low duty cycle pulse testing. Unless 
otherwise specified, + Sense, ~ Sense and V 0UT are tied together at the 
package. 

Note 2: Line and load regulation are guaranteed up to the maximum power 
dissipation (45Wforthe LT1087K, 30Wforthe LT1087T). Power dissipation 
is determined by the input/output differential and the output current. Guar- 
anteed maximum power dissipation will not be available over the full input/ 
output voltage range. 


Note 3: Load regulation is defined to be the change in output voltage at the 
sense point. The sense point is defined to be the point at which the sense 
pins, output, and the top of the resistive divider that sets the output voltage 
are tied together. The voltage drop from the output pin of the device to the 
sense point must be <1V. 

Note 4: Dropout voltage is specified over the full output current range of 
the device. Test points and limits are shown on the Dropout Voltage curve. 
Dropout voltage is defined to be the voltage from input to output and is 
tested with the sense pins tied to the output pin. 


TYPICAL PERFORfflAnCC CHARACTERISTICS 


LT1087 Dropout Voltage 



0 1 2 3 4 5 6 

OUTPUT CURRENT (A) 


< 


LT1087 Short Circuit Current 



0 5 10 15 20 25 30 35 

INPUT/OUTPUT DIFFERENTIAL (V) 


LT1087 Load Regulation 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 
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LT1087 


TYPICAL PCRFORmnnCC CHARACTERISTICS 


LT1087 Ripple Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


LT1087 Ripple Rejection vs Current 





f R =120l 
v RIPPLE 

7 




s3Vp-p 











f R =20kHz 




vripp 


"P 








~ V 0UT= 
_ C OUT = 





5V 

25*tF 










o' 1 1 1 1 1 

0 1 2 3 4 5 


OUTPUT CURRENT (A) 


LT1087 Maximum Power Dissipation* 



50 60 70 80 90 100 110 120 130 140 150 
CASE TEMPERATURE (°C) 

*AS LIMITED BY MAXIMUM JUNCTION TEMPERATURE 


Minimum Operating Current 



0 5 10 15 20 25 30 35 

INPUT/OUTPUT DIFFERENTIAL (V) 


Temperature Stability 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Adjust Pin Current 



-50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


RPPUCATIOR HIATS 

The LT1087 is an adjustable voltage regulator with Kelvin 
sense inputs. These inputs can be used to fully Kelvin 
sense a remote load so that the regulation at the load is 
nearly perfect. The sense inputs can also be used in a 2- 
wire configuration to compensate for voltage drops in 
long output leads eliminating the two extra wires needed 
for full Kelvin sensing. 

This regulator is easy to use and has all the protection fea- 
tures that are expected in high performance voltage 
regulators. They are short circuit protected, have safe area 


protection as well as thermal shutdown to turn-off the 
regulator should the temperature exceed about 165°C. 

Sense Inputs 

In a three terminal regulator the sense inputs are termi- 
nated at the output pin of the device (normally the case for 
adjustable regulators). This means that regulation will be 
best at the case of the device. Any wire resistance be- 
tween the regulator and the actual load will degrade the 
regulation, especially at high currents. This five pin con- 
figuration allows the user to select the point where regula- 
tion will be optimized. 


XTH&& 
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LT1087 


APPUCATIOA HIATS 


The sense pins can be used in two basic configurations. 
They can be used to make a remote Kelvin sensed output, 
or they can be used as a differential amplifier to simply 
compensate for a long wire run. 

For full Kelvin sensing of the output, the sense pins are 
tied together, then connected through a Ik resistor to the 
top of the R1/R2 divider that sets the output voltage. The 
1 k resistor is necessary to prevent high currents from flow- 
ing into the sense pins under fault conditions and will 
cause no significant error in the output voltage. The top 
and bottom of the R1/R2 divider are then tied to the points 
in the circuit where optimum regulation is desired. These 
connections must be made separate from the wires that 
carry the main load current. See the Remote Kelvin Sensed 
Output Circuit in the Typical Applications Section. At light 
load currents the voltage drop down the output lead will be 
small and the sense pins will be at approximately the 
same voltage as the output pin. For heavy load currents 
the output pin will be driven positive with respect to the 
sense pins by the value of the voltage drop across the out- 
put leads and the voltage at the sense points will be regu- 
lated. The output is allowed to go IV above the sense pins 
in this configuration. For output pin voltages greater than 
IV above the sense pins some degradation in regulation 
will occur. Since the output is allowed to go positive with 
respect to the sense pins by IV and assuming that both 
the power lead to the load and the ground return are ap- 
proximately equal, this configuration allows the user to 
have almost perfect regulation at the sense point with 2V 
of drop in the wire leads between the regulator and the 
load. Note that the input voltage to the regulator must pro- 
vide enough headroom to the regulator to allow this to 
happen. The input voltage must be greater than the total 
of the regulated output voltage plus the wire drops plus 
the dropout voltage of the regulator (=1.5V for LT1087 at 
5A). 

If the user does not want to run the extra two wires re- 
quired for full Kelvin sensing, a second method can be 
used to compensate for wire drops. The sense inputs can 
be considered to be the inputs to a differential amplifier 


with a gain of 11 when the + Sense pin is positive with re- 
spect to the - Sense pin. Pulling the - Sense pin negative 
with respect to the + Sense pin (with the + Sense pin tied 
to the output) by lOmV will cause the reference voltage, 
nominally 1.25V, to increase by HOmV to 1.36V. The output 
of the regulator would then increase by the factor 

AVref ( 1 + ri)] ■ 


See the Remote Load Regulation Compensation Circuit in 
the Typical Applications. In this manner sensing across a 
small part of the output leads can compensate for the en- 
tire length. The maximum differential input voltage over 
which the differential gain holds true is 60mV at 25°C, and 
this voltage is proportional to absolute temperature. For 
most circuits the differential input voltage should be less 
than 40mV. Exceeding this small differential voltage will 
not damage the device until the differential exceeds 5V. 
Regulation, however, will be degraded. Assuming a maxi- 
mum differential input voltage of 40mV and an output volt- 
age of 5 V, and using the formula from the Remote Load 
Regulation Compensation Circuit, this configuration can 
compensate out 1.76V of wire drop. For higher output volt- 
ages larger wire drops can be compensated out. As in the 
previous circuit the input voltage to the regulator must 
provide enough headroom for this to happen. 


Output Voltage 

The LT1087 develops and tries to maintain a 1.25V refer- 
ence voltage between its sense pins and its adjust pin (see 
Figure 1). By placing a resistor between the device’s sense 
point (the end of R3) and its adjust pin, a constant current 
is caused to flow through R1 and down through R2 to set 
the overall output voltage. Normally R1 is chosen so that 
the current flowing through it is equal to the specified 
minimum load current of 10mA. Because Iadj is very small 
and constant when compared with the current through R1, 
it represents a small error and can usually be ignored. 
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LT1087 


ftppucftTion Hints 



VoUT=Vref f 1 + j^) +!aDJ • R2 


Figure 1. Standard Connection 

TYPICAL APPlICATIOnS 

Remote Kelvin Sensed Output (4-Wire) 



XTIBSS 
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LT1087 


TYPICAL RPPUCATIOI1S 

Remote Load Regulation Compensation (2- Wire) 


-SENSE — 

LT108? — — -0.1/iF 

INPUT -f SENSE - * ■VSAr 

Ik 


ADJUST 0UTPUT r 


A"+B"=X" [l! (l + §) 


X' A' 


V 0 ut=Vref (1 + ^f) 
; WHERE V REF = 1.25V 
C LARGE > 100/4.F 


I T 


EXAMPLE: IF THE LOAD MUST BE LOCATED 

10 FT. (120") FROM THE REGULATOR 
AND V 0U T IS 5V 

THEN (A"+B")=24.0" R1 =1200, R2= 36012 
X"= — ►X"=5.2" 

I 11 0+f)] 

BY CONNECTING THE -SENSE PIN 5.2" FURTHER DOWN 
THE OUTPUT WIRE THAN THE + SENSE PIN THE LOAD 
REGULATION CAUSED BY 20' OF WIRE CAN BE 
COMPENSATED OUT. 

Paralleling Devices for Higher Current 

MASTER 




-SENSE 

LT1087 


INPUT 

+ SENSE 

ADJUST 

OUTPUT 



FOR PARALLELING MORE THAN TWO DEVICES - DUPLICATE SLAVE SECTION 


MINIMUM LOAD CURRENT =(10mA) ( # OF DEVICES IN PARALLEL) 
R1, R2 NETWORK CAN BE USED AS THE MINIMUM LOAD 


R M =8mfi~10"0F #20 A.W.G. SOLID WIRE (COPPER) 

R s =7.3mQ*9.1"0F #20 A.W.G. SOLID WIRE (COPPER) 

R m AND R s SHOULD BE NON-INDUCTIVE. THIS IS EASILY ACCOMPLISHED BY FOLDING THE 
WIRE BACK UPON ITSELF SO THAT THE FIELDS GENERATED, BY CURRENT FLOWING IN THE 
WIRE, CANCEL. 
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TECHNOLOGY 


FCRTURCS 

■ Offset Voltage 2/tV 

■ Offset Voltage Drift 20nV/°C 

■ Bias Current 25pA 

■ Offset Current lOpA 

■ Gain Non-Linearity 8ppm 

■ Gain Error 0.03% 

■ CMRRIIOdB 

■ O.IHz-IOHz Noise 2/tVp-p 

■ Single 5V Supply Operation 

■ 8-Pin MiniDIP 

Appucnnons 

■ Strain Gauge Amplifier 

■ Thermocouple Amplifier 

■ Differential to Single Ended Converters 


raULDUDKl/SsiSlV 

LTCllOO 

Precision, Single Supply, 
Instrumentation Amplifier 
(Fixed Gain =100) 

June 1989 


D6SCRIPTIOR 

The LTCllOO is a high precision instrumentation amplifier 
using chopper stabilization techniques to achieve out- 
standing DC performance. The input DC offset is typically 
2/tV while the DC offset drift is 20nV/°C; a very low bias 
current of 25pA is also achieved. 

The LTCllOO is self contained, that is, it achieves a differ- 
ential gain of 100 without any external gain setting resis- 
tor or trim pot. The gain linearity is 8ppm and the gain drift 
is 4ppm/°C. The LTCllOO operates from a single 5V supply 
up to ± 8V. The output, pin 8, typically swings 150mV from 
its power supply rails. 

An optional external capacitor can be added from pin 7 to 
pin 8 to tailor the device’s 20kHz bandwidth and to elim- 
inate any unwanted noise pickup. 

The LTCllOO is manufactured using Linear Technology’s 
enhanced LTCMOS™ silicon gate process. 


BLOCK DIRGRRffl 


TYPICAL APPLICATION 


Single 5 V Supply, DC Instrumentation Amplifier 



X71B 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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[PiKl^LkUlMJU^lKiYr 

LT1101 


urm 

TECHNOLOGY Precision, Micropower, 

Single Supply Instrumentation Amplifier (Fixed Gain =10 or 100) 



FCATUACS 


DCSCAIPTIOA 


April 1989 


■ Gain Error 

■ Gain Non-Linearity 

■ Gain Drift 

■ Supply Current 

■ Offset Voltage 

■ Offset Voltage Drift 

■ Offset Current 

■ CMRR,G = 100 

■ 0.1 Hz to 10Hz Noise 


0.04% Max 
0.0008% (8ppm) Max 
4ppm/°C Max 
105/iA Max 
160/iV Max 
0.4/xV/°C Typ 
600pA Max 
lOOdBMin 
0.9/tVp-pTyp 
2.3pAp-pTyp 
250kHz Min 


■ Gain Bandwidth Product 

■ Single or Dual Supply Operation 


APPUCATIOAS 

■ Differential Signal Amplification in Presence of 
Common-Mode Voltage 

■ Micropower Bridge Transducer Amplifier 
-Thermocouples 

- Strain Gauges 

- Thermistors 

■ Differential Voltage to Current Converter 

■ Transformer Coupled Amplifier 

■ 4mA-20mA Bridge Transmitter 


The LT1 101 establishes the following milestones: 

(1) It is the first micropower instrumentation amplifier, 

(2) it is the first single supply instrumentation amplifier, 

(3) It is the first instrumentation amplifier to feature fixed 
gains of 10 and/or 100 in low cost, space-saving 8-lead 
packages. 

The LT1101 is completely self-contained: no external gain 
setting resistor is required. The LT1101 combines its mi- 
cropower operation (75/tA supply current) with a gain error 
of 0.008%, gain linearity of 3ppm, gain drift of 1ppm/°C. 
The output is guaranteed to drive a 2k load to ± 10V with 
excellent gain accuracy. 

Other precision specifications are also outstanding: 50/tV 
input offset voltage, 130pA input offset current, and low 
drift (0.4f»V/°C and 0.7pA/°C). In addition, unlike other in- 
strumentation amplifiers, there is no output offset voltage 
contribution to total error. 

A full set of specifications are provided with ± 15V dual 
supplies and for single 5 V supply operation. The LT1101 
can be operated from a single lithium cell or two Ni-Cad 
batteries. Battery voltage can drop as low as 1.8V, yet the 
LT1101 still maintains its gain accuracy. In single supply 
applications, both input and output voltages swing to 
within a few millivolts of ground. The output sinks current 
while swinging to ground — no external, power consum- 
ing pull down resistors are needed. 


BLOCK DIAGAAm 



G = 10' SHORT PIN 2 TO PIN 1, SHORT PIN 7 TO PIN 8 


Gain Error Distribution 
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LT1101 


absolute maximum aatiags package/order iaforaiatioa 


Supply Voltage ±22V 

Differential Input Voltage +36V 

Input Voltage Equal to Positive Supply Voltage 

10V Below Negative Supply Voltage 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1101AM/LT1101M -55°Cto125°C 

LT1 101 Ai/LT 11011 -40°Cto 85°C 

LT1 1 01 AC/LT 1 1 01 C 0°Cto70°C 

Storage Temperature Range 

All Grades — 65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



V "(CASE) 


H PACKAGE 

8-LEAD TO-5 METAL CAN 


TOP VIEW 


|T| OUTPUT 



N PACKAGE J PACKAGE 

8-LEAD PLASTIC DIP 8-LEAD CERAMIC DIP 


ORDER PART 
NUMBER 


LT1101AMH 

LT1101MH 

LT1101ACH 

LT1101CH 


LT1101AIN8 

LT1101IN8 

LT1101ACN8 

LT1101CN8 

LT1101AMJ8 

LT1101MJ8 

LT1101ACJ8 

LT1101CJ8 


ELECTRICAL CHARACTERISTICS 

V s = 5V, 0V, V CM = 0.1V, Vref(PIN 1) = 0.1V, G = 10 or 100, T A = 2S°C, unless otherwise noted (Note 3). 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 1 01 AM/AI/AC 

MIN TYP MAX 

MIN 

LT1 101 M/I/C 
TYP 

MAX 

UNITS 

G e 

Gain Error 

G = 1 00, V 0 = 0.1 V to 3.5V, R L = 50k 


0.010 

0.050 


0.011 

0.075 

% 



G = 10, V 0 = 0.1V to 3.5V, R l = 50k 


0.009 

0.040 


0.010 

0.060 

% 

Gnl 

Gain Non-Linearity 

G = 100, R l = 50k 


20 

60 


20 

75 

ppm 



G = 10, R L = 50k (Note 1) 


3 

7 


3 

8 

ppm 

Vos 

Input Offset Voltage 



50 

160 


60 

o 

CNJ 

CM 

aV 

■os 

Input Offset Current 



0.13 

0.60 


0.15 

0.90 

nA 

■b 

Input Bias Current 



6 

8 


6 

10 

nA 

Is 

Supply Current 



75 

105 


78 

120 

#*A 

CMRR 

Common-Mode 

Ik Source Imbalance 









Rejection Ratio 

G = 100, V CM = 0.07V to 3.4V 

95 

106 


92 

105 


dB 



G = 10, V CM = 0.07V to 3.1V 

84 

100 


82 

99 


dB 


Minimum Supply Voltage 

(Note 4) 


1.8 

2.3 


1.8 

2.3 

V 

Vo 

Maximum Output 

Output High, 50k to GND 

4.1 

4.3 


4.1 

4.3 


V 


Voltage Swing 

Output High, 2k to GND 

3.5 

3.9 


3.5 

3.9 


V 



Output Low, V REF =0, No Load 


3.3 

6 


3.3 

6 

mV 



Output Low, V REF = 0, 2kto GND 


0.5 

1 


0.5 

1 

mV 



Output Low, V REF = 0, l S | NK = 100/i A 


90 

130 


90 

130 

mV 

BW 

Bandwidth 

G =100 (Note 1) 

2.0 

3.0 


2.0 

3.0 


kHz 



G = 10 (Note 1) 

22 

33 


22 

33 


kHz 

SR 

Slew Rate 

(Note 1) 

0.04 

0.07 


0.04 

0.07 


Vl,i s 


a\nm 
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LTH01 


CICCTAKM. CHARACTERISTICS 

V$ = ± 15V, Vcm = OV, Ta = 25° C, Gain = 10 or 100, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1 1 01 AM/AI/AC 

MIN TYP MAX 

LT1 101 M/I/C 
MIN TYP 

MAX 

UNITS 

G e 

Gain Error 

G = 100, V 0 = ±10V, R l = 50k 


0.008 

0.040 


0.009 

0.060 

% 



G = 100, V 0 = ± 10 V, R l = 2k 


0.011 

0.055 


0.012 

0.070 

% 



G = 10, V 0 = ± 10 V, R l = 50k or 2k 


0.008 

0.040 


0.009 

0.060 

% 

g nl 

Gain Non-Linearity 

G = 100, R l = 50k 


7 

16 


8 

20 

ppm 



G = 100, R L =2k 


24 

45 


25 

60 

ppm 



G = 10, R L = 50k or 2k 


3 

8 


3 

9 

ppm 

V 0S 

Input Offset Voltage 



50 

160 


60 

220 

n\l 

•os 

Input Offset Current 



0.13 

0.60 


0.15 

0.90 

nA 

•b 

Input Bias Current 



6 

8 


6 

10 

nA 


Input Resistance 










Common-Mode 

(Note 1) 

4 

7 


3 

7 


GQ 


Differential Mode 

(Note 1) 

7 

12 


5 

12 


GO 

e n 

Input Noise Voltage 

0.1 Hz to 10Hz (Note 2) 


0.9 

1.8 

0.9 

ftVp-p 


Input Noise Voltage 

f 0 = 10Hz (Note 2) 


45 

64 


45 


nV/Vfiz 


Density 

f 0 = 1000Hz (Note 2) 


43 

54 


43 


nV/VFTz 

•n 

Input Noise Current 

0.1 Hz to 10Hz (Note 2) 


2.3 

4.0 

2.3 

PAP-P 


Input Noise Current 

f 0 = 10Hz (Note 2) 


0.06 

0.10 


0.06 


pA/VHz 


Density 

f 0 = 1000Hz 


0.02 



0.02 


pA/VHz 


Input Voltage Range 

G = 100 

+ 13.0 

+ 13.8 


+ 13.0 

+ 13.8 


V 




-14.4 

-14.7 


-14.4 

-14.7 


V 



CD 

11 

CD 

+ 11.5 

+ 12.5 


+ 11.5 

+ 12.5 


V 




-13.0 

-13.3 


-13.0 

-13.3 


V 

CMRR 

Common-Mode 

Ik Source Imbalance 









Rejection Ratio 

G = 100, Over CM Range 

100 

112 


98 

112 


dB 



G = 10, Over CM Range 

84 

100 


82 

99 


dB 

PSRR 

Power Supply 

V s = +2.2V, -0.1V to ±18V 

102 

114 


100 

114 


dB 


Rejection Ratio 









•s 

Supply Current 



92 

130 


94 

150 

m a 

Vo 

Maximum Output 

R l = 50k 

±13.0 

±14.2 


±13.0 

±14.2 


V 


Voltage Swing 

R L = 2k 

±11.0 

±13.2 


±11.0 

±13.2 


V 

BW 

Bandwidth 

G = 100 (Note 1) 

2.3 

3.5 


2.3 

3.5 


kHz 



G = 10 (Note 1) 

25 

37 


25 

37 


kHz 

SR 

Slew Rate 


0.06 

0.10 


0.06 

0.10 


Mln s 


Note 1: This parameter is not tested. It is guaranteed by design and by 
inference from other tests. 

Note 2: This parameter is tested on a sample basis only. 

Note 3: These test conditions are equivalent to V s = 4.9V, - 0.1V, V CM = 0V, 

V REF(PIN1) = 0V - 

Note 4: Minimum supply voltage is guaranteed by the power supply 
rejection test. The LT1 1 01 actually works at 1 .8 V supply with minimal 
degradation in performance. 
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LT1101 


€L€CTRICfiL CHARACTERISTICS 

Vs = ± 15V, Vcm = OV, Gain = 10 or 100, - 55 °C<Ta< 125°C for AM/M grades, - 40 °C<Ta< 85°C for Al/I grades, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1101 AM/AI 
MIN TYP 

MAX 

MIN 

LT1101M/I 

TYP 

MAX 

UNITS 

Ge 

Gain Error 

G = 100, V 0 = ± 10V, R L = 50k 


0.024 

0.070 


0.026 

0.100 

% 



G = 100, V 0 = ±10V, R l = 5k 


0.030 

0.100 


0.035 

0.130 

% 



G = 10, V 0 = ± 10 V, R l = 50k or 5k 


0.015 

0.070 


0.018 

0.100 

% 

TCG e 

Gain Error Drift 

G = 100, R l = 50k 


2 

4 


2 

5 

ppm/°C 


(Note 1) 

G = 100, R L = 5k 


2 

7 


2 

8 

ppm/°C 



G = 10, R L = 50kor5k 


1 

4 


1 

5 

ppm/°C 

Gnl 

Gain Non-Linearity 

G = 100, R l = 50k 


24 

70 


26 

90 

ppm 



G = 100, R L =5k 


70 

300 


75 

500 

ppm 



G = 10, R l = 50k 


4 

13 


5 

15 

ppm 



G = 10, R L =5k 


10 

40 


12 

60 

ppm 

Vos 

Input Offset Voltage 



90 

350 


110 

500 

aV 

A Vos/ AT 

Input Offset Voltage Drift 

(Note 1) 


0.4 

2.0 


0.5 

2.8 

liW c 

•os 

Input Offset Current 



0.16 

0.80 


0.19 

1.30 

nA 

AI 0S /AT 

Input Offset Current Drift 

(Note 1) 


0.5 

4.0 


0.8 

7.0 

pA/°C 

•b 

Input Bias Current 



7 

10 


7 

12 

nA 

ai b /at 

Input Bias Current Drift 

(Note 1) 


10 

25 


10 

30 

pA/°C 

CMRR 

Common-Mode 

G = 100, V CM =- 14.4V to 13V 

96 

111 


94 

111 


dB 


Rejection Ratio 

G = 10,V C m= -13V to 11.5V 

80 

99 


78 

98 


dB 

PSRR 

Power Supply 

V s = +3.0, -0.1V to ±18V 

98 

110 


94 

110 


dB 


Rejection Ratio 









•s 

Supply Current 



105 

165 


108 

190 

#*A 

Vo 

Maximum Output 

R l = 50k 

±12.5 

±14.0 

1 

±12.5 

±14.0 


V 


Voltage Swing 

R L =5k 

±11.0 

±13.5 


±11.0 

±13.5 


V 


CLCCTRICRL CHARACTERISTICS 

Vs = ± 15V, Vcm = 0V, Gain = 10 or 100, 0 °C<Ta< 70°C, unless otherwise noted. 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

LT1101AC 

TYP 

MAX 

MIN 

LT1101C 

TYP 

MAX 

UNITS 

Ge 

Gain Error 

G = 100, V 0 = ± 10V, R l = 50k 


0.012 

0.055 


0.014 

0.080 

% 



G = 100, V 0 = ±10V, R L = 2k 


0.018 

0.085 


0.020 

0.100 

% 



G = 10, V 0 = ± 10V, R l = 50k or 2k 


0.009 

0.055 


0.010 

0.080 

% 

TCG e 

Gain Error Drift 

G = 100, R l = 50k 


1 

4 


1 

5 

ppm/°C 


(Note 1) 

G = 100, R L =2k 


2 

7 


2 

9 

ppm/°C 



G = 10, R L = 50k or 2k 


1 

4 


1 

5 

ppm/°C 

Gnl 

Gain Non-Linearity 

G = 1 00, R L =50k 


9 

25 


10 

35 

ppm 



G = 100, R L = 2k 


33 

75 


36 

100 

ppm 



G = 10, R l = 50k or 2k 


4 

10 


4 

11 

ppm 

Vos 

Input Offset Voltage 



70 

250 


85 

350 

aV 

AVqs/AT 

Input Offset Voltage Drift 

(Note 1) 


0.4 

2.0 


0.5 

2.8 

mV/ 0 C 

•os 

Input Offset Current 



0.14 

0.70 


0.17 

1.10 

nA 

A 1 os/ AT 

Input Offset Current Drift 

(Note 1) 


0.5 

4.0 


0.8 

7.0 

pA/°C 

•b 

Input Bias Current 



6 

9 


6 


nA 

AIb/AT 

Input Bias Current Drift 

(Note 1) 


10 

25 


10 

30 

pA/°C 

CMRR 

Common-Mode 

G = 100, V CM = - 14.4V to 13V 

98 

112 


96 

112 


dB 


Rejection Ratio 

G = 10, V C m= -13V to 11.5V 

82 

100 


80 

99 


dB 

PSRR 

Power Supply 

V s = 2.5, -0.1V to ± 18V 

100 

112 


97 

112 


dB 


Rejection Ratio 









•s 

Supply Current 



98 

148 


100 

170 

mA 

Vo 

Maximum Output 

R l = 50k 

±12.5 

±14.1 


±12.5 

±14.1 


V 


Voltage Swing 

R L =2k 

±10.5 

±13.0 


±10.5 

±13.0 


V 


xtups® 
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ELECTRICAL CHARACTERISTICS 

Vs = 5V, OV, V C M = 0.1V, Vref(pin 1) = 0.1V, Gain =10 or 100,- 55 °C<T a < 125°C for AM/M grades, - 40°C<T A <85°C for Aid grades, 
unless otherwise noted. 






LT1101AM/AI 1 


LT1101M/I ! 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Ge 

Gain Error 

G = 100, V 0 = 0.1V to 3.5 V, R[_ = 50k 


0.026 

0.080 


0.028 

0.120 

% 


G = 10, V CM = 0.15, R l = 50k 


0.011 

0.070 


0.014 

0.100 

% 

tcg e 

Gain Error Drift 

R L = 50k (Note 1) 


1 

4 


1 

5 

ppm/°C 

Gnl 

Gain Non-Linearity 

G = 100, R L =50k 


45 

110 


48 

140 

ppm 



G = 10, R l = 50k (Note 1) 


4 

13 


5 

15 

ppm 

Vos 

Input Offset Voltage 



90 

350 


110 

500 

,v 

AVqs/AT 

Input Offset Voltage 

Drift 

(Note 1) 


0.4 

2.0 


0.5 

2.8 

IlW C 

■os 

Input Offset Current 



0.16 

0.80 


0.19 

1.30 

nA 

Alos/AT 

Input Offset Current 

Drift 

(Note 1) 


0.5 

4.0 


0.8 

7.0 

pA/°C 

■b 

Input Bias Current 



7 

10 


7 

12 

nA 

AIb/AT 

Input Bias Current 

Drift 

(Note 1) 


10 

25 


10 

30 

pA/°C 

CMRR 

Common-Mode 

G = 100, V CM = 0.1V to 3.2V 

91 

105 


88 

104 


dB 


Rejection Ratio 

G = 10, V C m = 0.1V to 2.9V, V REF = 0.15V 

80 

98 


77 

97 


dB 

•s 

Supply Current 



88 

135 


92 

160 

(•A 

Vo 

Maximum Output 

Output High, 50k to GND 

3.8 

4.1 


3.8 

4.1 


V 


Voltage Swing 

Output High, 2k to GND 

3.0 

3.7 


3.0 

3.7 


V 



Output Low, V REF =0, No Load 


4.5 

8 


4.5 

8 

mV 



Output Low, V REF = 0, 2k to GND 


0.7 

1.5 


0.7 

1.5 

mV 



Output Low, V R £ F = 0, Isink 


125 

170 


125 

170 

mV 


ELECTRICAL CHARACTERISTICS 

Vs = 5V, 0V, Vcm = 0.1V, Vref(pin i)= 0.1 V, Gain = 10 or 100, 0°C <T a < 70°C, unless otherwise noted. 






LT1101AC ! 


LT1101C 



SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

g e 

Gain Error 

G = 100, V 0 = 0.1V to 3.5V, R|_=50k 


0.017 

0.065 


0.018 

0.095 

% 


G = 10, V C m= 0.15V, R l = 50k 


0.010 

0.060 


0.012 

0.080 

% 

TCG e 

Gain Error Drift 

Rl = 50k (Note 1) 


1 

4 


1 

5 

ppm/°C 

Gnl 

Gain Non-Linearity 

G = 1 00, R l = 50k 


25 

80 


25 

100 

ppm 



G = 10, R l = 50k (Note 1) 


4 

10 


4 

11 

ppm 

Vos 

Input Offset Voltage 



70 

250 


85 

350 


AVqs/AT 

Input Offset Voltage 

Drift 

(Note 1) 


0.4 

2.0 


0.5 

2.8 

iiWC 

•os 

Input Offset Current 



0.14 

0.70 


0.17 

1.10 

nA 

Alos/AT 

Input Offset Current 

Drift 

(Note 1) 


0.5 

4.0 


0.8 

7.0 

pA/°C 

■b 

Input Bias Current 



6 

9 


6 

11 

nA 

AIb/AT 

Input Bias Current 

Drift 

(Note 1) 


10 

25 


10 

30 

pA/°C 

CMRR 

Common-Mode 

G = 100, V CM = 0.07V to 3.3V 

93 

105 


90 

104 


dB 


Rejection Ratio 

G = 10, V CM = 0.07V to 3.0V, V REF = 0.15V 

82 

99 


80 

98 


dB 

Is 

Supply Current 

[ 


80 

120 


85 

145 

(“A 

Vo 

Maximum Output 

Output High, 50k to GND 

4.0 

4.2 


4.0 

4.2 


V 


Voltage Swing 

Output High, 2k to GND 

3.3 

3.8 


3.3 

3.8 


V 



Output Low, V REF = 0, No Load 


4 

7 


4 

7 

mV 



Output Low, V REF = 0, 2k to GND 


0.6 

1.2 


0.6 

1.2 

mV 



Output Low, V REF = 0, Isink = 100/aA 


100 

150 


100 

150 

mV 
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LT1101 


TYPICAL PCRFORmARCC CHRRRCT6RISTICS 


Gain = 100 Non-Linearity 
Distribution 


Gain = 10 Non-Linearity 
Distribution 


Gain vs Frequency 


V S =±15V 

_T a = 25°C 

R|_>50kfi 

708 UNITS 
“TESTED IN 
ALL PACKAGES 
I I I 






^- V S= 

±15V 




1— _ 



T A =2 

D. 

5°C 

0 






708 UNITS 

-0 5 






TESTED IN 

g-1.0 






ALL PACKAGES' 

1 

DC 

O 

DC i c 








nr — 1 . U 

Z 








3 0 








-0.5 

— 







-1 0 





~L_ 


-1.5 



0 2 4 6 8 10 12 14 16 18 

GAIN NON-LINEARITY (PPM) 


Gain Error Over Temperature 


0 2 4 6 8 

GAIN NON-LINEARITY (PPM) 

Gain Non-Linearity Over 
Temperature 



§ G = 100, V s = ± 15V, R L =50k 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Offset Voltage Distribution 

T A '= 25°C 

746 UNITS MEASURED IN ALL PACKAGES 
1 "EACH UNIT MEASURED AT V s = 5V, 

0V AND AT V s = ± 15V 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


-200 -100 0 100 20 ( 
INPUT OFFSET VOLTAGE (pV) 


Supply Current vs Temperature 


Input Bias and Offset Currents vs 
Temperature 











V 

1 

j=±15V 






= 5V, 

I— 

ov 


— - 


Z 

z 




— 

z 

z 














V S = J 

)V, 0VT0 ± 15V 







i-'os- 




































l n _ 






" 

'B 




___ 
















Input Bias Current vs Common- 
Mode Voltage 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




V S = 5 

7, 0V 

1 





1 

5°C 

*nr. 

a =-55° 



_ 

u 

1 


P 

T A = 125° 

C 


! 





i 





i 


0 12 3 

COMMON-MODE VOLTAGE (V) 
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LT1101 


TYPICAL P€RFORfflAAC€ CHARACTCRISTICS 


Common-Mode Rejection Ratio vs 
Frequency 


Common-Mode Range vs Supply 
Voltage 


Power Supply Rejection Ratio vs 
Frequency 



0.1 1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 

Output Saturation vs Temperature 
vs Sink Current 



0 ±2 ±4 ±6 ±8 ±10 ±12 ±14±16±18 
SUPPLY VOLTAGE (V) 


Output Voltage Swing vs Load 
Current 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

Short Circuit Current vs Time 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



SOURCING OR SINKING LOAD CURRENT (mA) 


CC Z 

£i 


r 






1 1 1 

T a =+25 o C,V s =5V,0V 


-T a = +25°C, V s = ±15V 


K 


T A = +125°C^V S =5V, OV 


T a = + 125°C, V s = ±15V 

\ U 


T A = +125°C, V s = ± 15V 


-T a =+25°C, V S =±15V- 


1 2 3 

TIME FROM OUTPUT SHORT TO GROUND (MINUTES) 


Capacitive Load Handling 



Undistorted Output Swing vs 
Frequency 



Ik 10k 

FREQUENCY (Hz) 


Output Impedance vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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LT1101 


TVPKAl PCAFOAfllAACE CHAAACTCAISTICS 


Noise Spectrum 



0.1 1 10 100 1000 
FREQUENCY (Hz) 



0 12 3 

TIME AFTER POWER ON (MINUTES) 


Large Signal Transient Response 
G = 10, V S = 5V,0V 



OUTPUT FROM OV TO 4.5V, NO LOAD 


Large Signal Transient Response 
G = 10,V$= ± 15V 



200/xs/DIV 
NO LOAD 


Large Signal Transient Response 
G = 100, V s = ± 15V 



200/iS/DIV 
NO LOAD 


Large Signal Transient Response 
G = 1 00, V s = 5V, OV 



100/xS/DIV 

OUTPUT FROM OV TO 4.5V, NO LOAD 


Small Signal Transient Response 
G = 10, V S =5V,0V 



20/iS/DIV 

OUTPUT FROM 0.05V TO 0.15V, NO LOAD 


Small Signal Transient Response 
G = 10, V s = ± 15V 



20/iS/DIV 


Small Signal Transient Response 
G = 100, V S = 5V,0V 



200/iS/DIV 

OUTPUT FROM 0 05V TO 0.15V, NO LOAD 
(RESPONSE WITH V s = ±15V, G = 100 IS IDENTICAL) 
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LT1101 


TYPICAL P€RFORmnnC€ CHARACTERISTICS 


Single Supply: Minimum 
Common-Mode Voltage vs Output 
Voltage 



Single Supply: Minimum Output 
Voltage vs Common-Mode 
Voltage 



0 10 20 30 40 50 60 70 80 90 100 

MINIMUM OUTPUT VOLTAGE (mV) 



APPUCRTIORS lAFORfflATIOfl 

Single Supply Applications 

The LT1101 is the first instrumentation amplifier which is 
fully specified for single supply operation, i.e. when the 
negative supply is OV. Both the input common-mode range 
and the output swing are within a few millivolts of ground. 

Probably the most common application for instrumenta- 
tion amplifiers is amplifying a differential signal from a 
transducer or sensor resistance bridge. All competitive in- 
strumentation amplifiers have a minimum required com- 
mon-mode voltage which is 3V to 5V above the negative 
supply. This means that the voltage across the bridge has 
to be 6V to 10V or dual supplies have to be used, i.e. mi- 
cropower, single battery usage is not attainable on com- 
petitive devices. 

The minimum output voltage obtainable on the LT1 101 is a 
function of the input common-mode voltage. When the 
common-mode voltage is high and the output is low, cur- 
rent will flow from the output of amplifier A into the output 
of amplifier B. See the Minimum Output Voltage vs Com- 
mon-Mode Voltage plot. 

Similarly, the Minimum Common-Mode Voltage vs Output 
Voltage plot specifies the expected common-mode range. 


When the output is high and input common-mode is low, 
the output of amplifier A has to sink current coming from 
the output of amplifier B. Since amplifier A is effectively in 
unity gain, its input is limited by its output. 

Common-Mode Rejection vs Frequency 

The common-mode rejection ratio (CMRR) of the LT1101 
starts to roll off at a relatively low frequency. However, as 
shown on the CMRR vs Frequency plot, CMRR can be en- 
hanced significantly by connecting an 82pF capacitor be- 
tween pins 1 and 2. This improvement is only available in 
the gain 100 configuration, and it is in excess of 30dB at 
60Hz. 

Offset Nulling 

The LT1101 is not equipped with dedicated offset null 
terminals. In many bridge transducer or sensor applica- 
tions, calibrating the bridge simultaneously eliminates the 
instrumentation amplifier’s offset as a source of error. For 
example, in the Micropower Remote Temperature Sensor 
Application shown, one adjustment removes the offset er- 
rors due to the temperature sensor, voltage reference and 
the LT1101. 
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LT1101 


APPUCATIOAS lAFOAfflATlOA 

A simple resistive offset adjust procedure is shown below. 
If R = 50 for G = 10, and R = 502 for G = 100 then the effect 
of R on gain error is approximately 0.006%. Unfortunately, 
about 450/iA has to flow through R to bias the reference 
terminal (pin 1) and to null out the worst-case offset volt- 
age. The total current through the resistor network can ex- 
ceed 1mA, and the micropower advantage of the LT1101 is 
lost. 


+ 15V 



Another offset adjust scheme uses the LT1077 micro- 
power op amp to drive the reference pin 1. Gain error and 
common-mode rejection are unaffected, the total current 
increase is 45/tA. The offset of the LT1077 is trimmed and 
amplified to match and cancel the offset voltage of the 
LT1 101. Output offset null range is ± 25mV. 



Gains Between 10 and 100 

Gains between 10 and 100 can be achieved by connecting 
two equal resistors (= R x ) between pins 1 and 2 and pins 7 
and 8. 


Gain =10+ 


Rx 

R + Rx/90 


The nominal value of R is 9.2kG. The usefulness of this 
method is limited by the fact that R is not controlled to 
better than ± 10% absolute accuracy in production. How- 
ever, on any specific unit 90R can. be measured between 
pins 1 and 2. 


Input Protection 

Instrumentation amplifiers are often used in harsh envi- 
ronments where overload conditions can occur. The 
LT1101 employs PNP input transistors, consequeitly the 
differential input voltage can be ±30V (with ± 15V sup- 
plies, ± 36V with ± 18V supplies) without an increase in in- 
put bias current. Competitive instrumentation amplifiers 
have NPN inputs which are protected by back to back 
diodes. When the differential input voltage exceeds 
±1.3V on these competitive devices, input current in- 
creases to the milliampere level; more than + 10V differen- 
tial voltage can cause permanent damage. 

When the LTIIOI’s inputs are pulled above the positive 
supply, the inputs will clamp a diode voltage above the 
positive supply. No damage will occur if the input current 
is limited to 20mA. 

5002 resistors in series with the inputs protect the LT1101 
when the inputs are pulled as much as 10V below the 
negative supply. 
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LT1101 


RppucRTions inFonmnnon 


Micropower, Battery Operated, Remote Temperature Sensor 



TEMPERATURE RANGE = 2 5°C TO 150°C 
ACCURACY = ±0.5°C 


Differential Voltage Amplification from a Resistance Bridge 
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LT1101 


APPUCATIOAS mFORfflATIOn 


Instrumentation Amplifier with ± 150mA Output Current 



GAIN = 10, DEGRADED BY 0.01% DUE TO LT1010 
OUTPUT = ± 10V INTO 75Q (TO 1 .5kHz) 

DRIVES ANY CAPACITIVE LOAD 

SINGLE SUPPLY APPLICATION (V+ =5 V, V- =0V): 

VqUT MIN = 120mV, Vqut MAX = 3-4V 


Differential Input - Differential Output Instrumentation Amplifier 



GAIN =200, AS SHOWN 

GAIN = 20, SHORT PIN 1 TO PIN 2, PIN 7 TO PIN 8 
ON BOTH DEVICES 

GAIN =110, SHORT PIN 1 TO PIN 2, PIN 7 TO PIN 8 
ON ONE DEVICE, NOT ON THE OTHER 



XTU® 
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LT1102 


[PIMMUHM1D 


High Speed, Precision, JFET Input 
Instrumentation Amplifier (Fixed Gain =10 or 100) 

May 1989 



FCATUACS 


■ Settling Time (0.01%) 

3jiS 

■ Slew Rate 

25V//iS 

■ Gain-Bandwidth Product 

30MHz 

■ Gain Error 

0.05% Max 

■ Gain Drift 

5ppm/°C 

■ Gain Non-Linearity 

lOppm Max 

■ Offset Voltage (Input + Output) 

500/iV Max 

Drift with Temperature 

2.5/tV/°C 

■ Input Bias Current 

50pA Max 

■ Input Offset Current 

40pA Max 

Drift with Temperature (to 70°C) 

1pA/°C 

■ Common-Mode Rejection Ratio 


G = 100 

lOOdB 

G = 10 

94dB 


APPLICATION 

■ Fast Settling Analog Signal Processing 

■ Multiplexed Input Data Acquisition Systems 

■ High Source Impedance Signal Amplification from High 
Resistance Bridges, Capacitance Sensors, Photodetec- 
tor Sensors 

■ Bridge Amplifier with dHzLowpass Filtering 


DCSCAIPTIOA 

The LT1102 is the first fast FET input instrumentation am- 
plifier offered in the low cost, space saving 8-pin 
packages. Fixed gains of 10 and 100 are provided with ex- 
cellent gain accuracy (0.015%) and non-linearity (2ppm). 
No external gain setting resistor is required. 

The fastest slew rate of any instrumentation amplifier is 
combined with impressive precision specifications: less 
than lOpA input bias and offset currents, 200 iN offset volt- 
age. Unlike other FET input instrumentation amplifiers, on 
the LT1102 there is no output offset voltage contribution 
to total error, and input bias currents do not double with 
every 10°C rise in temperature. Indeed, at 70°C ambient 
temperature the input bias current is only 50pA. 


BLOCK DMGRAfll 



GROUND PIN 1, OUTPUT AT PIN 8 

G = 1 00 : NO ADDITIONAL CONNECTIONS 

G = 10: SHORT PIN 2 TO PIN 1 , SHORT PIN 7 TO PIN 8 
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rrimn 

TECHNOLOGY 


FCATUACS 

■ High Voltage Operation, ± 18V 

■ No External Components Required 

■ Maximum Offset Voltage 5/tV 

■ Maximum Offset Voltage Drift 0.05/tV/°C 

■ Low Noise, 1.8^iVp-p (O.IHzto 10Hz) 

■ Minimum Voltage Gain 140dB 

■ Minimum PSRR 130dB 

■ Minimum CMRR120dB 

■ Low Supply Current 0.8mA 

■ Single Supply Operation 4.75V to 36V 

■ Input Common Mode Range Includes Ground 

■ 200/jA Supply Current with Pin 1 Grounded 

■ Typical Overload Recovery Time 20ms 


APPLICATIOAS 

■ Strain Gauge Amplifiers 

■ Electronic Scales 

■ Medical Instrumentation 

■ Thermocouple Amplifiers 

■ High Resolution Data Acquisition 


raiMMO 


±15V Chopper Stabilized 
Operational Amplifier with 
Internal Capacitors 

June 1989 

D€SCAIPTIOA 

The LTC1150 is a high-voltage, high-performance chopper 
stabilized operational amplifier. The two sample-and-hold 
capacitors usually required externally by other chopper 
amplifiers are integrated on-chip. Further, the LTC’s propri- 
etary high-voltage CMOS structures allow the LTC1150 to 
operate at up to 36V total supply voltage. 

The LTC1 150 has an offset voltage of 0.5pV, drift of 0.0tyV/°C, 
0.1Hz to 10Hz input noise voltage of 1.8/tVp-p and a typical 
voltage gain of 180dB. The slew rate of 3V//ts and a gain 
bandwidth product of 2.5MHz are achieved with 0.8mA of 
supply current. Overload recovery times from positive and 
negative saturation conditions are 3ms and 20ms, 
respectively. 

For applications demanding low power consumption, pin 1 
can be used to program the supply current. Pin 5 is an op- 
tional AC-coupled clock input, useful for synchronization. 

The LTC1150 is available in standard 8-pin metal can, plas- 
tic and ceramic dual in line packages as well as an 8-pin 
S08 package. The LTC1150 can be a plug-in replacement 
for most standard bipolar op amps with significant im- 
provement in DC performance. 


TYPICAL APPUCATIOn 


Single Supply Instrumentation Amplifier 



unm 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LTC1150 


absolute mRximum rrtirgs 

(Note 1) 

Total Supply Voltage (V + to V - ) 36V 

Input Voltage (V + + 0.3 V) to (V - - 0.3V) 

Output Short Circuit Duration Indefinite 

Burn-In Voltage 30V 


Operating Temperature Range 

LTC1150M -55°Cto125°C 

LTC1150C - 40°C to 85°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PRCKRG€/ORD€R IRFORmRIIOR 


TOP VIEW 
CLOCK OUT 



V- 

H PACKAGE 

8-LEAD TO-5 METAL CAN 


ORDER PART 
NUMBER 


LTC1150MH 

LTC1150CH 


TOP VIEW 


•supply [T 



J3 INT/EXT 

NC [7 


TTJ CLOCK IN 

NC [7 


TTJ CLOCK OUT 

-IN [7 


33 v+ 

4-in QT 


33 OUT 

NC [7 


3 NC 

v-E 


3 NC 

J PACKAGE N PACKAGE 

14-LEAD CERAMIC DIP 14-LEAD PLASTIC DIP 


ORDER PART 
NUMBER 


LTC1150MJ 

LTC1150CJ 

LTC1150CN 


TOP VIEW 


TOP VIEW 


•supply \T 


T\ CLOCK OUT 

-•nE 


7 ] v+ 

+inE 


6] OUT 

v~E 


T1 EXT' CLOCK 
IN 


LTC1150MJ8 

LTC1150CJ8 

LTC1150CN8 



J] CLOCK OUT 

3 v + 

II 0UT 

m EXT CLOCK 
IN 


LTC1150CS8 


J PACKAGE N PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 


SO PACKAGE 
8-LEAD PLASTIC SOIC 


ELECTRICAL CHARACTERISTICS 

V$= ± 15V, Pin 1 = Open, Ta = O perating Temperature Range, Unless Otherwise Specified. 


PARAMETER 

CONDITIONS 

LTC1150M 

MIN TYP MAX 

LTC1150C 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

T a = 25°C (Note 3) 


±0.5 ±5 

±0.5 ±5 

eV 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

±0.01 ±0.05 


Long Term Offset Voltage Drift 



50 

50 

nV/Vmo 

Input Offset Current 

T a = 25°C 


±20 ±60 

±20 ±100 

pA 



• 

±150 

±150 

pA 

Input Bias Current 

T a = 25°C 


±10 ±30 

±10 ±50 

pA 



• 

±800 

±100 

pA 

Input Noise Voltage 

R s = 1000, 0.1 Hz to 10Hz, TC2 


1.8 

1.8 

(•Vp-p 


R s = 1000, 0.1 Hz to 1 Hz, TC2 


0.6 

0.6 

/tVp-p 

Input Noise Current 

f= 10Hz (Note 4) 


2.5 

2.5 

fA/VHz 

Common Mode Rejection Ratio 

V CM =V-to12V 

• 

120 

115 

dB 
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LTC1150 


ei«CTRKRl CHARACTERISTICS 

V$ = ± 15V, Pin 1 = Open, Ta = O perating Temperature Range, Unless Otherwise Specified. 


PARAMETER 

CONDITIONS 

LTC1150M 

MIN TYP MAX 

LTC1150C 

MIN TYP MAX 

UNITS 

Power Supply Rejection Ratio 

V s = ± 2.375V to ± 16V 

• 

130 145 

125 145 

dB 

Large Signal Voltage Gain 

R L =10kft, V 0UT = ± 10V 

• 

140 180 

140 180 

dB 

Maximum Output Voltage Swing 

R L = 10kQ T a = 25°C 


±13.8 ±14.5 

±13.8 ±14.5 

V 


R L =10kfl 

• 

±11.3 

±12.3 

V 


R L =100kfl 


±14.95 

±14.95 

V 

Slew Rate 

R L =10kO,C L = 50pF 


3 

3 

V//iS 

Gain Bandwidth Product 



2.5 

2.5 

MHz 

Supply Current 

No Load T a = 25°C 


0.8 1.2 

0.8 1.2 

mA 


No Load, Pin 1=V- T a = 25°C 


0.2 

0.2 

mA 


No Load 

• 

1.8 

1.8 

mA 

Internal Sampling Frequency 



550 

550 

Hz 


ELECTRICAL CHARACTERISTICS 

Vs = 5V, Pin 1 = Open, Ta= Operating Temperature Range, Unless Otherwise Specified. 


PARAMETER 

CONDITIONS 

LTC1150M 

MIN TYP MAX 

LTC1150C 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

T A =25°C(Note 3) 


±0.5 ±5 

±0.5 ±5 

eV 

Average Input Offset Drift 

(Note 3) 

• 

±0.01 ±0.05 

±0.01 ±0.05 

fiWC 

Long Term Offset Voltage Drift 



50 

r 50 

nV/Vmo 

Input Offset Current 

T a = 25°C 


±10 ±30 

±10 ±60 

pA 



• 

±100 

±100 

pA 

Input Bias Current 

T a = 25°C 


±5 ±15 

±5 ±30 

pA 



• 

±400 

±100 

pA 

Input Noise Voltage 

R S = 100Q, 0.1Hz to 10Hz, TC2 


2.0 

2.0 

/<Vp-p 


R s = 1000,0.1 Hz to 1 Hz, TC2 


0.7 

0.7 

,iVp-p 

Input Noise Current 

f = 10Hz (Note 4) 


1.3 

1.3 

fA/Vfiz 

Common Mode Rejection Ratio 

V C M = 0Vto 2.7V 

• 

110 

110 

dB 

Power Supply Rejection Ratio 

V s = ± 2.375V to ± 16V 

• 

130 145 

125 145 

dB 

Large Signal Voltage Gain 

R L = 1 0kfl, V 0U T = 0.3 V to 4.5V 

• 

130 180 

130 180 

dB 

Maximum Output Voltage Swing 

R L =10kQ 


0.15-4.85 

0.15-4.85 

V 


Ri_ = lOOkfi 


0.02-4.97 

0.02-4.97 

V 

Slew Rate 

R L =10kO,C L = 50pF 


1.5 

1.5 

V/jiS 

Gain Bandwidth Product 



1.8 

1.8 

MHz 

Supply Current 

No Load T A =25°C 


0.4 0.65 

0.4 0.65 

mA 



• 

0.95 

0.95 

mA 

Internal Sampling Frequency 

i 


300 

300 

Hz 


The • denotes the specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which life of 
the device may be impaired. 

Note 2: Connecting any terminal to voltages greater than V + or less than 
V- may cause destructive latch-up. It is recommended that no sources op- 
erating from external supplies be applied prior to power-up of the LTC1 1 50. 


Note 3: These parameters are guaranteed by design. Thermocouple effects 
preclude measurement of these voltage levels in high-speed automatic test 
systems. V 0 s is measured to a limit determined by test equipment 
capability. 

Note 4: Current Noise is calculated from the formula: 

l N = V(2q7Tbj 

where q = 1.6 x 10- 19 Coulomb. 
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LTC1150 


TCST CIRCUITS 


Offset Voltage Test Circuit 


DC-IOHz Noise Test Circuit 




TYPICAL P€RFORfllARC€ CHARACTCRISTICS 


Supply Current vs Supply Voltage 



4 8 12 16 20 24 28 32 36 

TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) 


Sampling Frequency vs Supply 
Voltage 

800 
700 

£ 600 
§ 500 


C D 

i= 300 

51 

1 200 
100 
0 

4 8 12 16 20 24 28 32 36 

TOTAL SUPPLY VOLTAGE, V+ TO V~ (V) 














'A- 












2 








T 

















i 
















Supply Current vs Temperature 



-55 -25 5 35 65 95 125 

AMBIENT TEMPERATURE (°C) 


Sampling Frequency vs 
Temperature 



-55 -25 5 35 65 95 125 

AMBIENT TEMPERATURE (°C) 


Output Short Circuit Current vs 
Supply Voltage 



4 8 12 16 20 24 28 32 36 

TOTAL SUPPLY VOLTAGE, V + TO V ~ (V) 


Supply Current vs Rset 



Ik 10k 100k 1M 

Rset (0). pin 4 TO v- 
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LTC1150 


TVPKAl PCRFORfflADCe CHARACTERISTICS 


Large Signal Transient Response 


V s = ±15V, Av=1, C L = 1 0OpF, R L =10kfl 


Large Signal Transient Response, 
Pin 1 = V“ 



V S =±15V, A v =1, C i_ = 1 0OpF, PIN 1=V“ 



Smaii Signal Transient Response 



V s = ±15V, Av=1, C L =100pF, R L = 10k8 


Small Signal Transient Response, 
Pin 1 = V” 



pinoescmPTion 

1) 8-PIN PACKAGES 

Pin 1 - Supply Current Programming Pin. The circuit sup- 
ply current can be programmed through pin 1. When pin 1 
is left open in normal operation the supply current is 
800fiA. Supply current can be reduced by connecting a re- 
sistor between pin 1 and pin 4, the negative supply pin. 
The supply current, as a function of the resistor value, is 
shown in typical performance curves. 

Pin 2 -Inverting Input. 

Pin 3 -Non-Inverting Input. 

Pin 4 -Negative Supply. 


Pin 5 - Optional External Clock Input. The LTC1150 has an 
internal oscillator to control the circuit operation of the 
amplifier. When an external clock is desirable it can be 
applied to pin 5. The applied clock is AC-coupled to the in- 
ternal circuitry to simplified interface requirements. The 
amplitude of clock input signatl needs to be greater than 
2V and the voltage level has to be within the supply volt- 
age range. Duty cycle is not critical. The internal chopping 
frequency is the external Clock frequency divided by four. 
When frequency of the external clock falls below 100Hz 
(internal chopping at 25Hz), internal oscillator takes over 
and the circuit chops at 550Hz. 

Pin 6 - Output. 

Pin 7 - Positive Supply. 


XTUDSSB 
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LTC1150 


pm DcscmpTion 

Pin 8 - Clock Output Pin. The signal coming out of this pin 
is at the internal oscillator frequency of about 2.2kHz (four 
times the chopping frequency) and has voltage levels at 
Vh= +VsandVL= + Vs -4.6V. If the circuit is driven by an 
external clock, pin 8 is pulled up to + Vs. 

2) 14-PIN PACKAGES 

Pin 1 - Supply Current Programming Pin. Function same 
as in 8-pin packages. 

Pin 4 -Inverting Input. 

Pin 5 - Non-Inverting Input. 

Pin 7 -Negative Supply. 

Pin 10 - Output. 


Pin 11 -Positive Supply. 

Pin 12 - Clock Output Pin. Signal frequency is that of the 
chopping frequency. The voltage level swings between 
+ V S and + V S -4.6V. 

Pin 13 - External Clock Input. With pin 14 tied to the - Vs 
supply, an external clock can be applied to pin 13 with the 
threshold 2.2V below the + Vs supply. Chopping frequency 
of the circuit is the input clock frequency divided by four. 
With no external connection, pin 14 is pulled up to +Vs 
supply and the internal oscillator controls the circuit 
operation. A switching signal of the oscillator frequency 
(2.2kHz) appears on pin 13. 

Pin 14 - Internal/External Clock Selection Pin. Refer to de- 
scription of pin 13. 
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TECHNOLOGY 


LT1188 


F€ATUR€S 

■ 1.5A Bipolar Switch 

■ Controlled Output Slew Rate (2V//xS) to Limit R.F.I. 
Generation 

■ 60V Load Dump Capability with Inductive Kickback 

■ Internal Negative Voltage Clamp for Inductive Loads 

■ 500/iA Standby Current 

■ Logic Input — TTL Levels 

■ Low Input Bias Current (20j»A) 

■ Status Output 

■ Short Circuit Detection and Shutoff 

■ Open Circuit Detection 

■ Overtemp Detection and Shutoff 


flPPUCATIOAS 

■ Solenoid Driver 

■ Relay Driver 

■ Motor Driver 


1.5A High Side Switch 

May 1989 

D6SCRIPTIOR 

The LT1188 is a monolithic high side switch employing 
bipolar technology. The device is designed to operate in 
harsh environments such as those encountered in the au- 
tomotive industry. The device incorporates an internal 
clamp diode to clamp the negative voltage spikes gener- 
ated by inductive loads such as solenoids and is capable 
of withstanding load dumps of 60V on the supply pin while 
clamping such spikes. Standby current is only 500^A and 
ground pin current, when driving a 1A load, is only 5mA. 

The devices input logic levels are designed to be compati- 
ble with standard TTL levels while drawing only 2(fyA in 
the on state. A status output is provided to inform the user 
of the condition of the output load as well as the switch. 
The status pin will change state for shorted as well as 
open loads and will also indicate when the device is above 
normal operating temperature. The device protects itself 
against short circuited loads by limiting output current 
and then shutting itself off after a specified time if the 
short remains. The device protects itself against overtem- 
perature by shutting itself off. Overtemperature shutoff 
occurs at a temperature above where the status pin over- 
temp indication occurs, allowing the user time to recog- 
nize and possibly correct the problem before drive to the 
load is removed. 


BLOCK DIRGRAfll 



XTUDS1 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 
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LT1188 


absolute maximum ratiags 


Supply Voltage 30 V 

Supply Voltage (Transient 200ms) 60V 

Logic Input Voltage 30V 

Operating Temperature Range 

LT1188M — 55°C to 125°C 

LT1188C 0°Cto 70°C 

Junction Temperature Range 

LT1188M — 55°C to 175°C 

LT1188C 0°Cto100°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


pflCKflGC/oftixft lAFonmnnon 



€l€CTRICfll CHflftflCT€MSTICS (Note 1 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Switch Voltage Loss (V C c-Vout, Switch On) 

| 0U t= 1.0A, 5V<V CC ^30V 

• 


1.0 

1.2 

V 


Iqut = 1 -5A, 5 V < V cc ^ 30 V 

• 


1.2 

1.4 

V 

Output Leakage Current 

V CC = 30V, Vqut = 0V, V 1N = 0V 

• 


5 

150 

/iA 

High Level Input Voltage 

5V<V CC ^30V, 







I 0U t= 1.5A > (Note 2) 

• 

2.0 



V 

Low Level Input Voltage 

5V<V CC <30V, 







Iout = 0-0A, (Note 3) 

• 



0.8 

V 

High Level Input Current 

5V<V CC <30V, V, n = 2.0V 

• 

5 

20 

60 

/iA 

Low Level Input Current 

5V<V cc <30V,V in = 0.4V 

• 


0 

1 

pA 

Status Pin Saturation Voltage 

5V<Vcc^30V, IsTATUS = 1mA 

• 


0.2 

0.4 

V 

Status Leakage Current 

V C C = 30V, V S tat = 5.5V 

• 

i 

/‘A 

Standby Current 

V|n = 0.4 V, R L = « , V cc = 30 V 







Status = High 

• 


500 

650 

f*A 


Status = Low 

• 


550 

750 

/iA 

Ground Pin Current 

V cc = 30V, l 0UT =1.5A 

• 


9 

15 

mA 

Clamp Voltage 

1 CLAMP= 1 -0A,(Note4) 

• 


8 

10 

V 


Iclamp=1-5A, (Note 4) 

• 


9 

12 

V 

Turn-On Delay 

(Note 5) 

• 

30 

fiS 

Turn-Off Delay 

(Note 6) 

• 

30 

V* 

Output Slew Rate 

V C c=17V,R L = 16fi 







Output Rising 

• 

0.5 

1.2 

5.0 

V/m s 


Output Falling 

• 

0.5 

2.0 

5.0 

V/ms 

Short Circuit Current 

Vcc-Vout=7V 



3.5 


A 


i 

• 

2.0 


4.7 

A 


V CC -Vout=17V 



2.5 


A 




1.5 


4.0 

A 


V CC -Vout=30V 



1.5 


A 



• 

0.5 


3.0 

A 
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LT1188 


CICCTRICAl CHARACTERISTICS (Note 1) 


PARAMETER 

j CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Short Circuit Sense Time (t S c) 

V CC = 30V 

• 

20 

50 

110 

/*S 

Status Reset Time (t R ) 

V CC = 30V 

• 

350 

600 

950 

US 

Open Circuit Current Trip Level 


• 

18 

40 

75 

mA 

Overtemp Detection Point 



150 

°C 

Thermal Resistance 

Junction to Case (Note 7) 


4.0 

°C/W 


Notel: The • denotes specifications which apply over the full operating 
temperature range. 

Note 2: 2.0V is the minimum input voltage guaranteed to turn the device 
on. For input voltages greater than 2.0V the output voltage is guaranteed to 
be turned on. 

Note 3: 0.8V is the maximum input voltage guaranteed to turn the device 
off. For input voltages less than 0.8 V the device is guaranteed to be turned 
off. 

Note 4: The negative voltage clamp is designed for intermittent operation 
such as clamping the reverse voltage spike caused by an inductive load. 
Clamp duration should be less than 100ms. 


Note 5: Turn on delay time is defined to be the time from the rising edge of 
the input signal to the time that the output voltage is equal to 2 V. 

Note 6: Turn off delay time is defined to be the time from the falling edge of 
the input signal to the time that the output drops by 2V. 

Note 7: Thermal resistance is from the junction of the switch transistor to 
the back of the case directly below the switch transistor. The device will be 
centered in the package and proper mounting techniques are required in or- 
der to have good thermal conduction away from this area of the package. 


TVPICfll PERFORfflAACE CHARACTERISTICS 


Switch Voltage Loss 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

OUTPUT CURRENT (A) 


Short Circuit Current 



0 5 10 15 20 25 30 

SWITCH VOLTAGE (V CC -Vout). (V) 


input Current 



0 5 10 15 20 25 30 

INPUT VOLTAGE (V) 


XTI am 
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LT1188 


TVPKRl P€RFORmnnC€ CHRRRCTCRISTICS 

Clamp Voltage Slew Rate Open Circuit Detection Current 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 

CLAMP CURRENT (A) TEMPERATURE (°C) TEMPERATURE (°C) 


Input Threshold Voltage Supply Current (Switch Off) Ground Pin Current (Switch On) 



-50 -25 0 25 50 75 100 125 5 10 15 20 25 30 5 10 15 20 25 30 

TEMPERATURE (°C) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 


Short Circuit Sense Time Status Reset Time 



TEMPERATURE (°C) TEMPERATURE (°C) 
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LT1188 


pin Funcnons 

Output: As can be seen from the block diagram the output 
of the device is the emitter of an NPN power transistor 
which can source current from the supply. The slew rate of 
the output, both rising and falling, is controlled to mini- 
mize the generation of RFI. In the negative direction the 
output pin is clamped to ground with a combination diode/ 
zener clamp. This clamp is designed to clamp the flyback 
voltage spike of an inductive load such as a solenoid. This 
clamp is designed for intermittent operation. The duration 
of the flyback spike should be less than 100ms. This al- 
lows a wide range of inductive loads. In the positive direc- 
tion the output pin is clamped to the supply with a diode. 

Ground: The ground pin of the device must be connected 
for the device to turn on. For an open ground pin the de- 
vice will be in an off state. 

Input: The input pin of the device must be driven above the 
input voltage threshold for the device to turn on. The input 
voltage threshold is designed to be compatible with stand- 
ard TTL levels, while the input impedance is high. Input 
current above the threshold is typically 20/»A. For an open 
input pin the device will remain in an off state. The input 


logic requires a minimum input voltage slew rate of 3V/ms. 
This is several orders of magnitude slower than any logic 
family currently in use and should not normally cause any 
problems. 

Status: The status output is the collector of a grounded 
emitter NPN transistor whose base is internally driven by 
the status logic. A logic low indicates a fault condition 
(see Truth Table). This output requires an external pull-up 
resistor that should be chosen so that the current into the 
status pin, when the status pin is pulled low, is < 1 mA. The 
breakdown voltage of this NPN collector is equal to that of 
the output switch. 


Diagnostic Truth Table 


1 

Input 

Output 

Status 

Normal Operation 

L 

L 

H 


H 

H 

H 

Open Load 

L 

X 

H 


H 

H 

L 

Shorted Load 

L 

L 

L 


H 

L 

L 

Thermal Overload 

L 

L 

H 


H 

L 

L 


STATUS Funcnons 

Open Circuit Fault: The status output will be pulled low if 
the output current drops below the open circuit current 
threshold (typically 40mA). The open circuit detector is 
only active during the time that the switch is on (input 
high), and will only affect the status output during that 
time. For open circuit faults the status output will not 
latch low. The status line will be low only as long as the 
fault condition exists. 

Short Circuit Fault: For short circuit faults lasting longer 
than the short circuit sense time (=60/ts), two things will 
occur; the output switch will be latched off and the status 
output will be latched low. The output will remain off until 
the input is recycled. The status output will remain low un- 
til both the short is removed and the input is recycled, and 
will be reset high after the status reset time (*500/is) has 
elapsed. For continuous shorts the output will turn on, for 
the short circuit sense time, each time the input is cycled 


and the status output will remain latched low. The current 
at which the short circuit detector activates is a function 
of the supply voltage as can be seen by looking at the 
short circuit current curve in the typical performance 
characteristics. 

Thermal Fault: Thermal faults can occur for two reasons, 
heating from external sources or heating due to power dis- 
sipation in the switch itself. The device will act similarly 
for both cases. Thermal faults will only affect the status 
output during the time that the switch is on (input high). 
Thermal faults will cause the status output to latch low for 
the duration of an input cycle. The status output will be re- 
set on the falling edge of the input waveform. There are 
two levels of thermal overload. At =150°C junction tem- 
perature the thermal sensing circuitry will latch the status 
output low, and the output will remain on (as long as the 
input is high). At *165°C the thermal sensing circuitry will 
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turn the output off. If the junction temperature drops back 
below =165°C the output will turn back on. This means 
that if the thermal fault is caused by an external source 
the output will stay off as long as the temperature is held 
above =165°C. If the thermal fault is caused by internal 
power dissipation, the device will cycle on and off to main- 
tain the junction temperature near 165°C. The status out- 
put gives a fault indication at a temperature below the 
actual shutdown temperature to allow the user time to 
sense and possibly correct the fault condition before the 
switch takes action to protect itself. 

Load Dump: For transient supply voltages greater than 
35V or for transient switch voltages greater than 35V, a 
separate clamp network will turn the output off. This is 
necessary to keep the switch within its safe operating 
area and also to prevent the device from passing the high 


voltage transient on to the load. To guarantee survival of 
the switch for load dump type transients the risetime of 
the supply voltage, at the supply pin of the device, should 
be limited to <1V//is. This is to allow the device time to 
turn off between when the supply voltage reaches 35V and 
when the supply voltage reaches 50V so that the device is 
turned off well below its BVCEO voltage. If the device is 
bypassed closely, the series inductance and resistance of 
the supply leads along with the supply bypass capacitor 
will form an RLC filter and will limit the risetime. The slew 
rate limiting circuitry will be disabled during this transient 
turn off time. The output will remain off until the supply 
voltage drops back below 35V. During the time that the 
output is turned off by this clamp network the open circuit 
detector will still be active and will set the status pin low 
until the output comes back on and the output current is 
greater than the open circuit current. 


13-60 


rrunm 

TECHNOLOGY 



LT1188 


TimmG DmGRfim 



rruum 

TECHNOLOGY 


13-61 






TECHNOLOGY 


myiurnw 

LTC1290 


F€flTUR€S 

■ Software Programmable Features 

Unipolar/Bipolar Conversions 
4 Differential/8 Single Ended Inputs 
MSB or LSB First Data Sequence 
Variable Data Word Length 
Power Shutdown 

■ Built-In Sample and Hold 

■ Single Supply 5V, 10V or ± 5V Operation 

■ Built-In Sample and Hold for Single Ended Inputs 

■ Direct 4 Wire Interface to Most MPU Serial Ports and all 
MPU Parallel Ports 

■ 50kHz Maximum Throughput Rate 


K€V spccificrtiors 

■ Resolution 12 Bits 

■ Fast Conversion Time 13/is Max. Over Temp. 

■ Low Supply Current 5.0mA 


Single Chip 12-Bit Data 
Acquisition System 

May 1989 

DCSCRIPTIOn 

The LTC1290 is a data acquisition component which con- 
tains a serial I/O successive approximation A/D converter. 
It uses LTCMOS™ switched capacitor technology to per- 
form either 12-bit unipolar, or 11-bit plus sign bipolar A/D 
conversions. The 8 channel input multiplexer can be con- 
figured for either single ended or differential inputs (or 
combinations thereof). An on-chip sample and hold is in- 
cluded for all single ended input channels. When the 
LTC1290 is idle it can be powered down in applications 
where low power consumption is desired. 

The serial I/O is designed to be compatible with industry 
standard full duplex serial interfaces. It allows either MSB 
or LSB first data and automatically provides 2’s comple- 
ment output coding in the bipolar mode. The output data 
word can be programmed for a length of 8, 12 or 16-bits. 
This allows easy interface to shift registers and a variety 
of processors. 

LTCMOS is a trademark of Linear Technology Corporation. 




13-62 


Specifications on this datasheet are preliminary only, and subject to 
change without notice. Contact the manufacturer before finalizing a design 
using this part. 









LTC1290 


absolute mnximum ratiags 


(Notes 1 and 2) 

Supply Voltage (V C c) to GND or V- 12V 

Negative Supply Voltage (V ") - 6V to GND 

Voltage 

Analog and Reference Inputs . . (V - ) - 0.3V to Vcc + 0.3V 

Digital Inputs -0.3V to 12V 

Digital Outputs - 0.3V to Vcc + 0.3V 

Power Dissipation 500mW 

Operating Temperature Range 

LTC1290BC, LTC1290CC 0°C to 70°C 

LTC1290BI, LTC1290CI - 40°C to 85°C 

LTC1290BM, LTC1290CM - 55°C to 125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IAFORAIATIOA 



TOP VIEW 


ORDER PART 

cho|T 

KJ 

20| V CC 

NUMBER 

chi [7 


19] ACLK 


CH2[T 


J8] sclk 


CHS [7 


13 Din 

LTC1290BMJ 

CH4^ 


7] Dout 

LTC1290CMJ 

CH5[T 

LTC1290 

cs 

LTC1290BIJ 

CH6[7 


REF + 

LTC1290CIJ 

CH7[F 


73] REF- 

LTC1290BCJ 

COM QT 


T3 v- 

LTC1290CCJ 

dgnd[To 


7] AGND 



J PACKAGE 



20-LEAD CERAMIC DIP 



COAVERTER RAD MULTIPLEXER CHARACTERISTICS (Notes) 


PARAMETER 

CONDITIONS 

LTC1290B 

MIN TYP MAX 

LTC1290C 

MIN TYP MAX 

UNITS 

Offset Error 

(Notes 4 and 5) 

• 

±1.5 

±1.5 

LSB 

Linearity Error 

(Notes 4 and 5) 

• 

±0.5 

±0.5 

LSB 

Gain Error 

(Notes 4 and 5) 

• 

±0.5 

±1.0 

LSB 

Total Unadjusted Error 

V REF = 5.000V 
(Notes 4 and 6) 

• 

±2.5 

±3.0 

LSB 

Analog and REF Input Range 

(Note 7) 


| (V-) -0.05V to V cc + 0.05V | 

V 

On Channel Leakage Current 
(Note 8) 

On Channel = 5V 

Off Channel = 0V 

• 

±1 

±1 

fik 

On Channel = 0V 

Off Channel = 5V 

• 

±1 

±1 

aA 

Off Channel Leakage Current 
(Note 8) 

On Channel = 5V 

Off Channel = 0V 

• 

±1 

±1 


On Channel = 0V 

Off Channel = 5V 

• 

±1 

±1 

i^A 
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AC CHARACTERISTICS (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1290B 

LTC1290C 

MIN TYP MAX 

UNITS 

f SCLK 

Shift Clock Frequency 



0 2.0 

MHz 

UdK 

A/D Clock Frequency 


• 

f SCLK 4.0 

MHz 

Ucc 

Delay Time from CS 1 to D 0 ut Data Valid 

(Note 9) 


2 

ACLK 

Cycles 

Wl 

Analog Input Sample Time 

See Operating Sequence 


7 

SCLK 

Cycles 

tcONV 

Conversion Time 

See Operating Sequence 

i 


52 

ACLK 

Cycles 

ICYC 

Total Cycle Time 

See Operating Sequence 


12 SCLK + 

56 ACLK 

Cycles 

f(JDO 

Delay Time, SCLK i to D 0UT Data Valid 

See Parameter Measurement Section 

• 

130 

ns 

tdis 

Delay Time, CS 1 to D 0 ut Hi-Z 

See Parameter Measurement Section 

• 

70 

ns 

ten 

Delay Time, 2nd ACLK i to D 0 ut Enabled 

See Parameter Measurement Section 

• 

130 

ns 

tfiCS 

Hold Time, CS After SCLK 1 

i 


0 

ns 

thDI 

Hold Time, D, N After SCLK t 




ns 

thDO 

Time Output Data Remains Valid After SCLKi 




ns 

tf 

Dqut Fall Time 

See Parameter Measurement Section 

• 

65 

ns 

tr 

D 0 ut Rise Time 

See Parameter Measurement Section 

• 

25 

ns 

tsuDI 

Setup Time, D (N Stable Before SCLK 1 




ns 

tsuCS 

Setup Time, CS i Before Clocking in First 

Address Bit 

(Note 9) 


2 

ACLK 

Cycles 

twHCS 

CS High Time During Conversion 



52 

ACLK 

Cycles 

C IN 

Input Capacitance 

Analog Inputs On Channel 

Off Channel 



PF 

Digital Inputs 



PF 


Note 1: Absolute maximum ratings are those values beyond which the life 
of a device may be impaired. 

Note 2: All voltage values are with respect to ground with DGND, AGND, 
and REF“ wired together (unless otherwise noted). 

Note 3: V C c=5V, V REF + =5V, V REF - =0 V,V' =0V for unipolar mode and 
- 5 V for bipolar mode, ACLK = 4.0MHz unless otherwise specified. The • 
indicates specs which apply over the full operating temperature range; all 
other limits and typicals T A = 25°C. 

Note 4: These specs apply for both unipolar and bipolar modes. In bipolar 
mode, one LSB is equal to the bipolar input span (2V REF ) divided by 4096. 

For example, when V REF = 5V, 1 LSB (bipolar) = 2(5V)/4096 = 2.44mV. 

Note 5: Linearity error is specified between the actual end points of the A/D 
transfer curve. 

Note 6: Total unadjusted error includes offset, full scale, linearity, multi- 
plexer and hold step errors. 


Note 7: Two on-chip diodes are tied to each reference and analog input 
which will conduct for reference or analog input voltages one diode drop 
below V" or one diode drop above V cc . Be careful during testing at low V cc 
levels (4.5V), as high level reference or analog inputs (5V) can cause this in- 
put diode to conduct, especially at elevated temperatures, and cause errors 
for inputs near full scale. This spec allows 50mV forward bias of either 
diode. This means that as long as the reference or analog input does not ex- 
ceed the supply voltage by more than 50mV, the output code will be correct. 
To achieve an absolute 0V to 5V input voltage range will therefore require a 
minimum supply voltage of 4.950V over initial tolerance, temperature varia- 
tions and loading. 

Note 8: Channel leakage current is measured after the channel selection. 
Note 9: To minimize errors caused by noise at the chip select input, the in- 
ternal circuitry waits for two ACLK falling edge after a chip select falling 
edge is detected before responding to control input signals. Therefore, no 
attempt should be made to clock an address in or data out until the mini- 
mum chip select setup time has elapsed. 
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DIGITAL RAD DC ELECTRICAL CHARACTERISTICS (Notes) 


SYMBOL 

PARAMETER 

CONDITIONS 

LTC1290B 

LTC1290C 

MIN TYP MAX 

UNITS 

V|H 

High Level Input Voltage 

V CC = 5.25V 

• 

2.0 

V 

V|L 

Low Level Input Voltage 

V CC = 4.75V 

• 

0.8 

V 

'lH 

High Level Input Current 

V|N = V CC 

• 

2.5 


',L 

Low Level Input Current 

V| N = 0V 

• 

-2.5 

mA 

V OH 

High Level Output Voltage 

V cc = 4.75V, l 0 = KVA 


4.7 

V 



Iq - 360/xA 

• 

2.4 4.0 

V 

VOL 

Low Level Output Voltage 

V cc = 4.75V, l 0 = 1.6mA 

• 

0.4 

V 

•oz 

Hi-Z Output Leakage 

Vout=Vcci ^ ^igh 

• 

3 

m a 



V 0U T = OV, CS High 

• 

-3 


•source 

Output Source Current 

VoUT = 0V 


-10 

mA 

•sink 

Output Sink Current 

V OUT = V CC 


10 

mA 

•cc 

Positive Supply Current 

CS High 

• 

5.0 

mA 

.. .... J 


CS High, Power Shutdown 

• 

0.005 

mA 

1 I 

Negative Supply Current 

CS High 

• 

1 50 

mA 


pm FuncTions 


if 

PIN 

FUNCTION 

DESCRIPTION 

1-8 

CH0-CH7 

Analog Inputs 

The analog inputs must be free of noise with respect to AGND. 

9 

COM 

Common 

The common pin defines the zero reference point for all single ended inputs. It must be free of 
noise and is usually tied to the analog ground plane. 

10 

DGND 

Digital Ground 

This is the ground for the internal logic. Tie to the ground plane. 

11 

AGND 

Analog Ground 

AGND should be tied directly to the analog ground plane. 

12 

V~ 

Negative Supply 

Tie V ” to most negative potential in the circuit. (Ground in single supply applications.) 

13,14 

rEf-,ref+ 

Reference Inputs 

The reference inputs must be kept free of noise with respect to AGND. 

15 

CS 

Chip Select Input 

A logic low on this input enables data transfer. 

16 

D OUT 

Digital Data Output 

The A/D conversion result is shifted out of this output. 

17 

Din 

Data Input 

The A/D configuration word is shifted into this input. 

18 

SCLK 

Shift Clock 

This clock synchronizes the serial data transfer. 

19 

ACLK 

A/D Conversion Clock 

This clock controls the A/D conversion process. 

20 

v cc 

Positive Supply 

This supply must be kept free of noise and ripple by bypassing directly to the analog ground 
plane. 


APPUCATIOAS lAFORfflATIOn 

The LTC1290 is a data acquisition component which con- 
tains the following functional blocks: 

1. 12-bit successive approximation capacitive A/D 
converter 

2. Analog multiplexer (MUX) 

3. Sample and hold (S/H) 

4. Synchronous, full duplex serial interface 

5. Control and timing logic 


DIGITAL CONSIDERATIONS 
Serial Interface 

The LTC1290 communicates with microprocessors and 
other external circuitry via a synchronous, full duplex, four 
wire serial interface (see Operating Sequence). The shift 
clock (SCLK) synchronizes the data transfer with each bit 
being transmitted on the falling SCLK edge and captured 
on the rising SCLK edge in both transmitting and receiving 
systems. The data is transmitted and received simultane- 
ously (full duplex). 
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Data transfer is initiated_by a falling chip select (CS) 
signal. After the falling CS is recognized, an 8-bit input 
word is shifted into the Din input which configures the 
LTC1290 for the next conversion. Simultaneously, the re- 
sult of the previous conversion is output on the Dout line. 
At the end ofjhe data exchange the requested conversion 
begins and CS should be brought high. After tcoNV, the 
conversion is complete and the results will be available on 
the next data transfer cycle. 

Input Data Word 

The LTC1290 eight bit data word is clocked into the Din in- 
put on the first eight rising SCLK edges after chip select is 
recognized. Further inputs on the Din pin are then ignored 
until the next CS cycle. The eight bits of the input word are 
defined as follows: 


Unipolar/ Word 

Bipolar Length 



■ ■■A—,—, 


/ ■ — ^ - S 

SGL/ 

DIFF 

ODD / 
SIGN 

SELECT 

1 

SELECT 

0 

UNI 

MSBF 

WL1 

WLO 


V ' s/ — ^ 


MUX Address MSB First/ 


LSB First 

MUX Address 

The first four bits of the input word assign the MUX 
configuration for the requested conversion. For a given 
channel selection, the converter will measure the voltage 
between the two channels indicated by the + and - signs 


in the selected row of the following table. Note that in dif- 
ferential mode (SGL/DIFF=0) measurements are limited 
to four adjacent input pairs with either polarity. In single 
ended mode, all input channels are measured with respect 
to COM. 


MUX ADDRESS 

DIFFERENTIAL CHANNEL SELECTION | 

SGL / 
DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

0 

0 

0 

0 

+ 

- 







0 

0 

0 

1 



+ 

- 





0 

0 

1 

0 





+ 

- 



0 

0 

1 

1 







+ 

- 

0 

1 

0 

0 

- 

+ 







0 

1 

0 

1 



- 

+ 





0 

1 

1 

0 





- 

+ 



0 

1 

1 1 







- 

+ 


MUX ADDRESS 

SINGLE ENDED CHANNEL SELECTION | 

SGL / 
DIFF 

ODD / 
SIGN 

SELECT 

1 0 

0 

1 

2 

3 

4 

5 

6 

7 

COM 


0 

0 0 

+ 








- 

1 

0 

0 1 



+ 






- 

1 

0 

1 0 





+ 




- 

1 

0 

1 1 







+ 


- 

1 

1 

0 0 


+ 







- 

i 

1 

0 1 




+ 





- 

1 

1 

1 0 






+ 



- 

1 

1 

1 1 








+ 

- 


Operating Sequence 

(Example: Differential Inputs (CH3-CH2), Bipolar, MSB First and 12-Bit Word Length) 


-tCYC" 


1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 


sclk i nnnnnnnnnnn n wm mam 


-tSMPL- 


-tC0NV- 


cs n 


luuuumnnmnm 
r 


Din 


n_n_r 


777777777777777777 / 

DON’T CARE '//// 
lujjjjjIllllLLLLL 


n_ri_r 
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Unipolar/Bipolar (UNI) 

The fifth input bit (UNI) determines whether the conversion 
will be unipolar or bipolar. When UNI is a logical one, a 
unipolar conversion will be performed on the selected in- 
put voltage. When UNI is a logical zero, a bipolar conver- 
sion will result. The input span and code assignment for 
each conversion type are shown in the figures below. 


Unipolar Transfer Curve (UNI = 1) 



Unipolar Output Code (UNI = 1) 


— 

OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 5V) 

111111111111 

v ref -1I -SB 

4.9988V 

111111111110 

V ref -2LSB 

4.9976V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

000000000001 

1LSB 

0.0012V 

000000000000 

OV 

OV 


Bipolar Output Code (UNI = 0) 


OUTPUT CODE 

INPUT VOLTAGE 

INPUT VOLTAGE 
(Vref = 5V) 

011111111111 

Vref-ILSB 

4.9976V 

011111111110 

V ref -2LSB 

4.9851V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

000000000001 

1LSB 

0.0024V 

000000000000 

OV 

OV 

111111111111 

-1LSB 

-0.0024V 

111111111110 

-2LSB 

-0.0048V 

• 

• 

• 

• 

• 

• 

• 

• 

• 

100000000001 

-(V ref ) + 1LSB 

-4.9976V 

100000000000 

-(Vref) 

-5.0000V 


Bipolar Transfer Curve (UNI = 0) 
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MSB First/LSB First Format (MSBF) 

The output data of the LTC1290 is programmed for MSB 
first or LSB first sequence using the MSBF bit. For MSBF 
first output data the input word clocked to the LTC1290 
should always contain a logical one in the sixth bit loca- 
tion (MSBF bit). Likewise for LSB first output data the in- 
put word clocked to the LTC1290 should always contain a 
zero in the MSBF bit location. The MSBF bit affects only 
the order of the output data word. The order of the input 
word is unaffected by this bit. 


MSBF 

OUTPUT FORMAT 

0 

LSB First 

1 

MSB First 


Word Length (WL1, WLO) and Power Shutdown 

The last two bits of the input word (WL1 and WLO) program 
the output data word length and the power shutdown fea- 
ture of the LTC1 290. Word lengths of 8, 1 2 or 1 6-bits can be 
selected according to the following table. The WL1 and 
WLO bits in a given Din word control the length of the pre- 
sent, not the next, Dout word. WL1 and WLO are never 
“don’t cares” and must be set for the correct Dout word 
length even when a “dummy” Din word is sent. On any 


transfer cycle, the word length should be made equal to 
the number of SCLK cycles sent by the MPU. Power down 
will occur when WL1 = 0 and WLO = 1 is selected. The pre- 
vious conversion result will be clocked out as a 10-bit word 
so a “dummy” conversion is required before powering 
down the LTC1290. Conversions_are resumed once CS 
goes low or an SCLK is applied, if CS is already low. 


WL1 

WLO 

OUTPUT WORD LENGTH 

0 

0 

8-Bits 

0 

1 

Power Shutdown 

1 

0 

12-Bits 

1 

1 

16-Bits 


Deglitcher 

A deglitching circuit has been added to the Chip Select in- 
put of the LTC1290 to minimize the effects of errors 
caused by noise on that input. This circuit ignores 
changes in state on the CS input that are shorter in dura- 
tion than one ACLK cycle. After a change of state on the 
CS input, the LTC1290 waits for two falling edge of the 
ACLK before recognizing a valid chip select. One indica- 
tion of CS recognition is the Dout line becoming active 
(leaving the Hi-Z state). Notejhat the deglitching applies 
to both the rising and falling CS edges. 


Low CS Recognized Internally 


High CS Recognized Internally 


aclk JTJ - u _ i_ri_n_n 
» — 


°OUT 


Hi-z 


< 


VALID OUTPUT 


aclk jnj - LRj _ i_n_n 



Dour VALID OUTPUT^- 
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CS Low During Conversion 

In the normal mode of operation, CS is brought high during must remain low during the conversion as shown in the 

the conversionjime. The serial port ignores any SCLK following figure. After the conversion is complete, the 

activity_while CS is high. The LTC1290 will also operate Dout line will become active with the first output bit. Then 

with CS low during the conversion. In this mode, SCLK the data transfer can begin as normal. 


CS High During Conversion 



TinjmnrLnjin^ 



CS Low During Conversion 
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“ TECHNOLOGY i, 2 , 6 and 8 Channel, 12-Bit 

Serial I/O Data Acquisition Systems 


F€ATUR€S 

■ Programmable Features 

Unipolar/Bipolar Conversions 
Differential/Single Ended Multiplexer Configurations 

■ Sample and Hold 

■ Single Supply 5 V, 10V or ± 5V Operation 

■ Direct 3 or 4 Wire Interface to Most MPU Serial Ports 
and All MPU Parallel I/O Ports 

■ Analog Inputs Common-Mode to Supply Rails 

■ Resolution 

■ Fast Conversion Time 

■ Low Supply Current LTC1291/2/3/4 


DCSCRIPTIOn 

The LTC1291/2/3/4 12-bit data acquisition systems are de- 
signed to provide complete function, excellent accuracy 
and ease of use when digitizing analog data from a wide 
variety of signal sources and transducers. Built around a 


May 1989 

12-bit, switched capacitor, successive approximation A/D 
core, these devices include software configurable analog 
multiplexers and bipolar and unipolar conversion modes 
as well as on chip sample and hold. On-chip serial ports al- 
low efficient data transfer to a wide range of microproces- 
sors and microcontrollers. These circuits can provide a 
complete data acquisition system in ratiometric applica- 
tions or can be used with an external reference in others. 

The high impedance analog inputs and the ability to oper- 
ate with reduced spans allow direct connection to sensors 
and transducers in many applications, eliminating the 
need for gain stages. 

An efficient serial port communicates without external 
hardware to most MPU serial ports and all MPU parallel I/O 
ports allowing eight channels of data to be transmitted 
over as few as 3 wires. This, coupled with power shutdown 
(LTC1291/3/4), makes remote location possible and facili- 
tates transmitting data through isolation barriers. 

Temperature drift of offset, linearity, and full scale error are 
all extremely low allowing all grades to be specified with 
linearity errors of ± 0.5LSB maximum over temperature. 
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LTC1291/LTC1292 

LTC1293/LTC1294 


absolute mnximum ratirgs 

Supply Voltage (Vcc) to GND or V" 12V 

Negative Supply Voltage (V ' ) — 6V to GND 

Voltage _ 

Analog Reference and LTC1291/2CS 

Inputs (VJ. -0.3V to Vcc + 0.3V 

Digital Inputs (except LTC1291/2CS) -0.3V to 12V 

Digital Outputs - 0.3V to Vcc + 0.3V 


Power Dissipation 500mW 

Operating Temperature Range 

LTC1 291 -4BC, LTC1 291 -4CC 0°C to 70°C 

LTC1291-4BI, LTC1291 -4CI -40°Cto85°C 

LTC1291-4BM, LTC1291-4CM -55°Cto125°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE lOFORmnTIOn 



TOP VIEW 





TOP VIEW 
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J PACKAGE 

N PACKAGE 

J PACKAGE 
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PRODUCT GUID€ 


PART NUMBER 

# CHANNELS 

CONVERSION MODES 

REDUCED SPAN 
CAPABILITY 
(SEPARATE V REF ) 

±5V 

CAPABILITY 


UNIPOLAR 

BIPOLAR 

LTC1291 

2 

• 




Pin for pin 12-bit upgrade of ADC0832 

LTC1292 

1 

• 


• 


Pin for pin 12-bit upgrade of ADC0831 

LTC1293 

6 

• 

• 

• 

• 


LTC1294 

8 

• 

• 

• 

• 
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LT1431 

Programmable Reference 


May 1989 


F€RTUR€S 


DCSCRIPTIOn 


■ Guaranteed 0.4% Initial Voltage Tolerance 

■ 0.10 Dynamic Output Impedance 

■ Fast Turn-On 

■ Sink Current Capability, 1mA to 100mA 

■ Low Output Noise Voltage 

RPPUCRTIORS 

■ Linear Regulators 

■ Adjustable Power Supplies 

■ Switching Power Supplies 


The LT1431 is an adjustable shunt voltage regulator with 
100mA sink capability, 0.4% initial reference voltage 
tolerance, and 1% temperature stability. On-chip divider re- 
sistors allow the LT1431 to be configured as a 5V shunt 
regulator with 1 % initial voltage tolerance and requiring no 
additional external components. By adding two external re- 
sistors, the output voltage may be set to any value between 
2.5V and 36 V. The nominal internal current limit of 100mA 
may be decreased by including one external resistor. 


TVPICRl flPPUCRTIOR 

Isolated 5V Regulator 



‘COLLECTOR CURRENT LIMIT »600mV/(R L | M + 2fi), WITH AT c OF « -0.3%/°C 
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LT1431 


absolute mnximum aatiags 


V + , VcOLLECTOR 36V 

Vcomp, Rtop, Rmid, Vref 6V 

GND-F-GND-S 0.7V 

Ambient Temperature Range 

LT1431M — 55°C to 125°C 

LT1431C 0°C to 70°C 

Junction Temperature Range 

LT1431M -55°C to 150°C 

LT1431C 0°Cto100°C 

Storage Temperature Range - 65°C to 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 


PACKAGE/ORDER IAFORA1ATIOA 



TOP VIEW 


ORDER PART 

COLLECTOR \T 


7] REF 

NUMBER 

COMP [7 
V+ [7 
R T op [7 


3 r mid 

7] GND-F 

7] GND-S 

LT1431MJ8 

LT1431CN8 

J PACKAGE N PACKAGE 

8-LEAD CERAMIC DIP 8-LEAD PLASTIC DIP 


BOTTOM VIEW 

REF— O OV— CATHODE 

LT1431CZ 

V ♦ J 

\anodf/ 

Z PACKAGE 

3-LEAD TO-92 PLASTIC 



ELECTRICAL CHARACTERISTICS Ta = 25°C, Ik = 10mA, unless otherwise specified (Note 1). 


SYMBOL 

PARAMETER 

CONDITIONS 

LT1431M 

MIN TYP MAX 

LT1431C 

MIN TYP MAX 

UNITS 

Vref 

Reference Voltage 

V KA = 5V, Ik = 2mA, (Note 2) 


2490 2500 2510 

2490 2500 2510 

mV 




• 

2465 2535 

2480 2520 

mV 

AVref/AT 

Reference Drift 

V KA = 5V, l K = 2mA 

• 

50 

30 

ppm/°C 

AVref 

Voltage Ratio, Reference to 

l K = 2mA,V KA = 3Vto36V 

• 

0.2 0.5 

0.2 0.5 

mV/V 

aV KA 

Cathode 






1 IrefI 

Reference Input Current 

V KA = 5V,T a = 25°C 


0.2 1 

0.2 1 





• 

1.5 

1.2 


'min 

Minimum Operating Current 

V K a = Vref to 36V 


0.6 1 

0.6 1 

mA 

I'offI 

Off-State Cathode Current 

V KA = 36V, V REF = 0V 


1 

1 

fiA 




• 

5 

2 

fa 

I'leakI 

Off-State Collector Leakage Current 

V coa = 36V, V + =6V, Vr EF = 2.4V 


1 

i 

H A 




• 

5 

2 

pcA 

IZka! 

Dynamic Impedance 

V KA = V REF , l K = 1mA to 1 00mA, f < 1kHz 


0.1 

0.1 

Q 

'lim 

Collector Current Limit 

Vka = Vref 

• 

100 360 

100 260 

mA 


The • denotes specifications which apply over the full operating tempera- Note 2: The LT1431 has bias current cancellation which is effective only for 

ture range. V KA >3V. A slight (»2mV) shift in reference voltage occurs when V KA drops 

Note 1: V KA is the cathode voltage of the LT1431CZ and corresponds to V + below 3V. For this reason, these tests are not performed at V KA = V REF . 
of the LT1431. I K is the cathode current of the LT1431CZ and corresponds to 
l(V + ) + Icollector of the LT1 431 . 
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NEW PRODUCTS 


Extended Temperature Range 
Linear ICs (200° C) 

Linear Technology now offeis a number of its high per- 
formance products fully characterized, tested, and with 
specification limits guaranteed over an extended operat- 
ing temperature range of from — 55°C to + 200° C. 

The list of extended temperature range products being of- 
fered by Linear Technology continues to grow. At the time 
this catalog was printed, the company offered for sale the 
following products. 


LTCMOS™ and CSOA™ are trademarks of Linear Technology Corporation. 


Op Amps: 

LT1001XH Precision Op Amp 
LT1007XH Low Noise, Highspeed Precision Op Amp 
LM101 AXH Uncompensated General Purpose Op Amp 
LM118XH High Slew Rate Op Amp 

Precision References: 

LM129XH 6.9V Precision Voltage Reference 

Comparators: 

LM111XH General Purpose Comparator 
LM119XH High Speed Dual Comparator 

Complete specifications on Linear Technology’s 200°C 
product offerings can be obtained from your local LTC 
sales representative or directly from the factory. 
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SECTION 14— PACKAGE DIMENSIONS 


INDEX 14-2 

Package Cross Reference 14-3 

Package Dimensions 14-5 
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D Package 
8 Lead Sidebrazed 




D Package 
14 Lead Sidebrazed 
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PACKAGE DIMENSIONS 


D Package 
20 Lead Sidebrazed 





H Package 

8LeadTO-5 Metal Can 


H Package 

10 Lead TO-5 Metal Can 


0 335-0 370 
‘(8 509-9 398) | 

DIA 



INSULATING 

STANDOFF 


NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN 
THE REFERENCE PLANE AND SEATING PLANE 



NOTE 

1 LEAD DIAMETER IS UNCONTROLLED BETWEEN THE REFERENCE PLANE AND SEATING PLANE 
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PACKAGE DIMENSIONS 
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PACKAGE DIMENSIONS 


SO Package 
14 Lead Small Outline 




2. LEAD MATERIAL: A-42, TIN PLATED 

S14188 


SO Package 
16 Lead Small Outline 




2. LEAD MATERIAL: A-42, TIN PLATED sieisa 
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PACKAGE DIMENSIONS 


SOL Package 

16 Lead Small Outline (Wide) 



S16(W)188 


NOTE: 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS. 


SOL Package 

18 Lead Small Outline (Wide) 



NOTE: 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS. 
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PACKAGE DIMENSIONS 


SOL Package 

20 Lead Small Outline (Wide) 



NOTE: 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS. 


SOL Package 

24 Lead Small Outline (Wide) 


SEE NOTE 


0.600-0.615 



(15.240-15.621) 

24 23 22 21 20 19 18 17 16 15 14 13 

o fl R q n A H R R n R FT 


f 

p .. ..... 




on ™ mm 


0.394-0,419 

(10.007-10.643) 


0.291-0.299 

'(7.391-7.595)' 


0.005 
(0.127) 
RAD MIN 



(0.229-0.330) SEE NOTE 



NOTE: 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS. THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS. 


(0.102-0.305) 


0.016-0.050 
(0.406 — 1 .270) 


0.014-0,019 

(0.356-0.482) 


S24789 
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PACKAGE DIMENSIONS 


SOL Package 

28 Lead Small Outline (Wide) 



NOTE- 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS. 


P Package 
3 Lead TO-247 


MOUNTING HOLE 
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T Package 
3-Lead TO-220 



(4 318-4 572) 
0 045-0 055 


I 

0 250 ±0 020 
(6 350 ±0 508) 


T Package 

5 Lead TO-220 (Straight Lead) 



0 169-0 185 
( 4 . 293-4 699 ) 


0 035 - 0.055 
( 0 . 889 - 1 . 397 ) 


0 015-0 025 
( 0.381 - 0 . 635 ) 


0 079-0 115 
(2 007-2 921 ) 


T5(S)289 


um® 
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PACKAGE DIMENSIONS 


W Package 

10 Lead Flatpack (Cerpak) 


0.003-0.006 2 

(0.076-0.152)' 


DETAIL A 



(0.203-0.381) 


0.026-0.045 

(0.660-1.143)' 


t 

0.250-0.370 

(6.350-9.398) 


0.240-0.260 

(6.096-6.604) 

1 

t 

0.250-0.370 

(6.350-9.398) 

_L 


0.030-0.085 

'(0.760-2.160) 


0.290 1 

-(7.366)- 

MAX 


0.010 — 0.019 2 
(0.254-0.483)' 


T 



0.280 1 

(7.112) 

MAX 


A 


DETAIL A 



0.005 

(0.127) 

MIN 


0,050 

(1.270) — ► 
BSC 


0.045 

(1.143) 

MAX 

W10688 


NOTES: 

1. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN. 

2. INCREASE DIMENSIONS BY 0.003 (0.076) WHEN LEAD FINISH A IS APPLIED 
(SOLDER DIPPED). 


Z Package 
3-Lead TO-92 


a 



0.140 ±0.005 
(3.556 =t 0. 1 27) 
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Quality and Reliability Assurance Programs 

Linear Technology Corporation has a wide ranging program 
integrating vendor participation, design engineering, and 
manufacturing to produce the most reliable and highest 
quality linear integrated circuits available on the market. 
Our modern manufacturing facility in Milpitas, California is 
DESC Class S and Class B line certified and we have suc- 
cessfully completed over 70 major OEM quality system sur- 
veys to MIL-Q-9858 and MIL-l-45208 including achieving 
several major customer quality awards. Our Quality and Re- 
liability Assurance Programs are summarized below: 

• Wafer Fabrication-A modern class 100 area, modular 
clean room construction with full environmental moni- 
tors. Emphasis is placed on statistical quality control, CV 
plots, SEM monitors and on our proprietary dual layer 
passivation system. 

• Assembly & End of Line-Incoming inspection of all 
materials and piece-parts, line surveillance and process 
control monitors. 

• Testing— Incoming inspection and acceptance of all off- 
shore lots prior to release to test. Ultra modern LTX 
testers, multipass testing with closed loop binning to re- 
duce outgoing electrical defective levels. Many “beyond 
data sheet” tests and full temperature QA lot buy-offs are 
performed as standard processing. 

• Traceability — A backside or side mark is placed on all 
units, where space permits, to give information on a unit- 
by-unit basis tracing back to the wafer fab lot, assembly, 
end of line (e.o.l.) and test lots. We consider traceability 
to be essential for good engineering control and addi- 
tional insurance for our customers. The information pro- 
vided exceeds the seal week traceability control required 
by M I L-STD-883. 

• ESD (Electro Static Discharge)— A full program is in 
place from design through manufacturing. Products are 
fully characterized to MIL-STD-883C (Method 3015) and 
strict controls on handling and packaging are observed. 


• Training and Certification-Operator training has been 
established for all operations and certification is per- 
formed on a 6 monthly basis. 

• Major Change Control-Major change controls are in 
place to notify our customers in accordance with MIL-M- 
38510, LTC internal specifications, or specific customer 
specifications as required. 

• Quality Assurance-Full monitoring and reporting of 
quality data with emphasis on statistical process control 
charts. Refer to our Quality Assurance Program. 

• Failure Analysis and Reporting— A formal program ex- 
ists to record, analyze and take appropriate corrective ac- 
tion on all returns. A report is generated and sent to the 
customer stating our findings and action. 

• Reliability Flows — Linear Technology reliability flows in- 
clude Class S and Class B JAN-38510, Standard Military 
Drawings (SMD), DESC Drawings, 883 (to the new Rev. C) 
R-Flow, and Hi-Rel (Source Controlled Drawings). In addi- 
tion, specialized processing such as SEM, PIND and 
other tests can be performed as required. 

• Reliability Monitor— LTC has a unique reliability struc- 
ture built into each wafer that is used to obtain rapid 
feedback on reliability. This data is obtained in less than 
1 week, versus 40 weeks for a typical reliability audit. See 
the LTC Reliability Program for more details. 

• Reliability Audit-Data is gathered on a monthly basis 
for selected package/product combinations. This data is 
summarized each quarter and published in a Data Pak 
showing Operating Life, 85/85, Autoclave, Temperature 
Cycle, Thermal Shock, 883 Group C, and 883 Group D 
summary data. Copies of Data Pak summaries are avail- 
able by writing or calling Linear Technology, 1630 Mc- 
Carthy Blvd., Milpitas, CA 95035, (408)942-0810. 
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RELIABILITY ASSURANCE 
PROGRAM 
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Introduction 

In the early 1960’s the study of reliability was mainly the 
province of mathematicians and statisticians. In the late 
1960’s and throughout the 1970’s it was realized that an 
understanding of the physical phenomena was necessary 
to identify the various failure mechanisms and consider- 
able progress was made in this area. Sophisticated 
diagnostic techniques were devised and this knowledge 
complemented the earlier theoretical work to form a very 
sound foundation. 

At Linear Technology Corporation we have a firm appre- 
ciation for the impact of Reliability on our products and 
we have made every effort to integrate this knowledge into 
our device designs and manufacturing processes. We be- 
lieve that “LINEAR” should be “THE MOST RELIABLE 
COMPONENTS” and it is our intention to supply “TOMOR- 
ROW’S RELIABILITY-TODAY”! 

All areas that impact reliability have received consider- 
able attention and achieving our goal of “THE NUMBER 
ONE” Reliability Supplier of Analog Circuits has impacted 
the DESIGN, FABRICATION, PACKAGING AND TESTING 
of our products. 

“RELIABILITY” requires a total systems approach involv- 
ing all parties; from the raw material vendor, to the de- 
signer, to manufacturing. 


Cooperative Interface 
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Design 

At the DESIGN stage the reliability of the circuit is heavily 
dependent on layout considerations. The thickness and 
width of the metallization has been defined to minimize 
the current density and avoid electromigration problems 
at elevated temperatures. The routing of the metal pattern 
is designed to eliminate potential inversion, or leakage 
failures and guard ring structures are used where appro- 
priate. The positions of the bonding pads are carefully 
selected to optimize device performance and also to fit 
easily into a variety of packages without creating potential 
bond loop problems that could result in shorted wires. In 
all of our voltage regulators, thermal limiting is included 
in the circuitry to shut down the device if the temperature 
exceeds a threshold value. Additional insurance is pro- 
vided by employing short circuit current protection to 
safeguard catastrophic failure. The philosophy of incor- 
porating fault tolerant designs with innovative circuit con- 
cepts is a fundamentai design rule at Linear Technology 

5 Amp Positive Adjustable Regulator 


■SAFE AREA 

Large Ballasted Power Transistor 
ensures equal current sharing. 



THERMAL LIMIT CIRCUIT 


ISOLATING RESISTOR 

Prevents destruction from high transient 
current in ‘Adjust’ Pin. 
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RELIABILITY ASSURANCE 
PROGRAM 


Corporation. The design rules used by Linear Technology 
are conservative to avoid compromising reliability, and 
safe operation regions are chosen to prolong device life in 
the field. Input protection is provided and the ability of our 
devices to withstand transient voltage spikes is better 
than average. We focus on reducing lead count of our de- 
vice designs since there is generally a strong correlation 
between the number of leads in a package and the mean 
time between failures for a device. The thermal layout of 
our circuits is also a major consideration to minimize 
parameter drift and optimize performance. The designs at 
Linear Technology Corporation cover a diverse technolog- 
ical base ranging from Bipolar to CMOS. In the case of 
CMOS, design techniques are used to minimize SCR and 
latch-up phenomena. Many integrated circuit designs are 
susceptible to electrostatic discharge effects (ESD) and 
electrical overstress (EOS) with generally catastrophic re- 
sults. In the designs at Linear Technology Corporation, 
care is taken to ensure that a high degree of protection is 
built into our products to minimize this effect. 


Diverse Range of Processes 



1. Super Beta Structure 

2. Bi-fet Structure 

3. Silicon Gate CMOS Structure 


Prior to release, new devices are thorougly characterized 
and subjected to rigorous mechanical and electrical 
stress testing to exercise all facets of the design, process, 
and package combination. Linear Technology Corporation 
has an active in-house ESD (Electrostatic Discharge) pro- 
gram to prevent yield loss and the potential weakening on 
devices. 

Wafer Fabrication 

In the WAFER FABRICATION area the key to a reliable 
process is consistency and repeatability. Linear Technol- 
ogy has a brand new ultramodern wafer fabrication facility 
and wafer handling has been kept to a minimum. Cassette 
to cassette transfer is used extensively and proximity 
mode aligners are utilized in masking to significantly re- 
duce photomasking defects. Microprocessor controlled 
furnaces are used to eliminate the impact of operator 
error. 


Cassette to Cassette T ransfer 



Canon Proximity Aligner 
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RELIABILITY ASSURANCE 
PROGRAM 


Stringent incoming inspection checks are made on the 
raw silicon wafers and masks used in the process. Envi- 
ronmental monitoring of the gases, clean air, particle 
count, deionized water, and furnace temperature and 
flows are done on a routine basis to avoid any sudden 
changes that could impact device reliability. 

Quality Control checks at various points in the process en- 
sure consistency and control charting is used extensively 
throughout the fabrication area. The quality of the oxide is 
checked regularly using C-V plots to check for contamina- 
tion and surface state anomolies and processes are not 
operational until minimum requirements are met. Each 
wafer contains diagnostic structures in addition to the de- 
vice structures and these test vehicles are used to inves- 
tigate and detect potential yield and reliability hazards in 
advance. Scanning electron microscope pictures are 
taken periodically to check the integrity of the metalliza- 
tion system. Emphasis is given to the early detection of 
step coverage or misalignment problems. A proprietary 
passivation system has been developed that will enable 


Microprocessor Controlled Furnaces 



Control Chart 

X CHART 




R CHART 


our die to operate in a variety of plastic packages and the 
nature of this unique multilayer system will make the die 
virtually impervious to the packaging medium. 

The strategy of Linear Technology in developing its proc- 
ess is to make the chip as impervious as possible to mois- 
ture and ionic contaminants. This approach assures 
reliable operation even in marginal environments. The Lin- 
ear Technology process offers several layers of protec- 
tion. 1) Extensive CV monitoring of all diffusion tubes and 
deposition systems assure underlying oxides with low 
levels of positive ionic contamination. Phosphorous get- 
tering ties up these ions in an inactive state. 2) A propri- 
etary deposited oxide gives conformal coverage of metal 
and oxide steps, and is free of cracks. 3) A plasma nitride 
overcoat protects the die from external ionic contamina- 
tion during handling, testing and assembly. The dual ni- 
tride/oxide layer is completely free of cracks and pinholes 
which enhance corrosion protection against moisture 
contamination. 


Passivation Process 



OXIDE 




SILICON 

1. Contamination Free Passivation 

Oxide 

2. Conformal Oxide Underlayer 

3. Plasma Nitride Top Layer 

— 
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RELIABILITY ASSURANCE 
PROGRAM 


Packaging 


The impact of new equipment, techniques and materials 
have had a tremendous impact on device reliability. In the 
area of wafer scribing, sawing of the wafers has de- 
creased device chipping and cracking significantly. The 
handling of dice at second optical inspection and die at- 
tach is now mainly automated, removing the need to use 
tweezers and the resultant damage due to this operation. 
Automated lead bonding machines have produced tremen- 
dous gains in productivity but as importantly more consis- 
tent lead bonds have resulted from this new innovation. 
Die attach materials have improved and modern low tem- 
perature glass ceramic seals have dramatically increased 
product reliability. At Linear Technology we are using the 
latest state-of-the-art assembly equipment and materials. 
Our epoxy material has the lowest sodium and chlorine 
content of. any molding compound available and the data 
on operating life, power cycling and pressure pot is out- 
standing. Composibility between the different package 
elements, such as the molding compound and lead frame, 


Wafer Saw 



Die Attached and Wire Bonded Unit 




are carefully researched and selected particularly on our 
surface mount packages to achieve the highest reliability 
after board soldering. All materials are inspected to better 
than industry standards prior to use and strict QC checks 
are performed on-line to assure control and conformance 
to specifications. At LTC traceability to a fabrication lot is 
considered to be of primary importance. On all packages 
where space allows a side mark or a backside mark is 
used to give this key information. We are able to track the 
country of origin, assembly location, die type, wafer fab 
lot, exact seal date and also identify non standard 
processing if required on a special flow. This unique bene- 
fit is offered as a standard feature at no additional cost 
and adds immensely to the level of control and traceability 
on Linear Technology products. 

Mil-Standard 883 Method 2010 Condition B or equivalent 
visual criteria are applied to all Linear Technology prod- 
ucts and a thorough inspection of all lots received from 
our assembly operations in Southeast Asia is performed 
prior to testing. A system of effective and rapid commu- 
nications exist between our operation in Milpitas, Califor- 
nia and Southeast Asia to analyze and correct any 
assembly or process related problems before the product 
is shipped to the customer. Precautions are taken 
throughout the assembly process to minimize the impact 
of ESD (Electrostatic Discharge) on our devices. 


Side/Backside Mark on Unit 
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Test 


The testing of analog circuits is a science in its own right 
and requires very special technical skills to overcome the 
challenges that are presented. At Linear Technology we 
have invested in the very latest “state-of-the-art” com- 
puter controlled testers and our device designs exercise 
the limits of these excellent testers. All Military 883 prod- 
ucts receive a 150°C or a 125°C burn-in prior to test and 
full temperature testing is performed. Regulator products 
are put on “rack burn-in” and the devices are exercised in 
the thermal shutdown mode prior to testing. This pretest 
burn-in contributes to the removal of infant mortality fail- 
ures and enhances product reliability. Other tests check 
the thermal regulation and verify the integrity of the die at- 
tach as the presence of voids under the die for a regulator 
affects device performance adversely. Often, tests addi- 
tional to the data sheet tests are added to a test flow to de- 
tect potential flaws that could impact reliability. 


LTX/LINEAR Tester with Environmental Handler 



At Linear Technology we believe that the thorough and 
complete testing of our components is an essential ele- 
ment in our plan to provide ‘premier’ reliable products. 
Precautions are taken throughout test to safeguard our 
devices from the insidious effects of ESD (Electrostatic 
Discharge). As an example, all chip capacitors are pre- 
stressed with voltages (in excess of the device maximum 
voltage ratings) to induce failure in substandard lots. 


Rack ‘Burn-in’ of TO-3 Regulators 
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Reliability Flow 

Reliability failure rate can be broken out into three main 
categories: 1) Infant Mortality, 2) Freak Failures and 3) 
Long Term Failures. Short term burn-in screening as de- 
scribed in the previous section address the first cate- 
gory-infant mortality. The long term failures represent a 
significant number of hours in terms of the mean time be- 
tween failures and so the major area of concern is a suffi- 
cient pre-screen conditioning to eliminate the bulk of the 
infant mortality and freak failures. 

These early life failures impact customer warranty costs 
and reputation severely and the replacement costs are 


clearly several orders of magnitude greater than the initial 
component costs. The Linear Technology 883 program ad- 
dresses this requirement and offers a cost effective in- 
house flow. The flow is defined in our MIL-STD 883 
brochure and the essential elements of the program in- 
clude visual inspection at second and third optical inspec- 
tion to Condition B (Mil-Standard 883, Method 2010, 
temperature cycling from -65°C to 150°C, constant ac- 
celeration, fine and gross leak, followed by a 125°C burn- 
in for 160 hours or equivalent. Assuming an active energy 
of I.Oev, this burn-in is equivalent to 80,000 hours or ap- 
proximately 9 years at a normal operating temperature of 
around 55°C. 


Typical Representation of 1C Lot Failure 
Rates at 50°C Operation 


FAILURE RATES (FITS) 



OPERATING LIFE (HOURS) 


1 . Infant mortality population which could be 
0.5% of the lot. Its mean life could be as low as 
50 hrs. 

2. The freak population could represent up to 5% 
of the lot. Its mean life could be 5 yrs. 

3. Main population whose mean life could be 
hundreds of years. 

4. The dramatic impact on total lot reliability that 
is achieved by weeding out early failures via 
100% burn-in. 


Failure Rate vs Time- LT07H 



Operating Life Drift Data 



-40 - 20 O 20 40 

Offset Voltage Drift — Microvolts 
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Wafer Fab Reliability Audit 

As an additional reliability control, Linear Technology has 
innovated a periodic reliability audit of the wafer fab proc- 
ess, using a specifically designed reliability structure 
which is stepped into all wafers. 

This structure is optimized to accelerate, under tempera- 
ture and bias, the two most common failure mechanisms 
in linear circuits, namely mobile positive ions and surface 
charged-induced inversions. The three-terminal structure 
is scribed from a run and assembled in a hermetic pack- 
age. These devices are burned-in for a predetermined tem- 
perature and time. The same structure becomes sensitive 
to either failure mechanism depending upon the bias 
scheme used during burn-in. A limit is defined for the leak- 
age current change during burn-in; a failure indicates a 


wafer fab problem which will be addressed by the process 
engineering group. The use of a test pattern allows any de- 
vice to be monitored and also gives faster unambiguous 
feedback than is normally achieved by performing reliabil- 
ity testing on assembled product. Reliability data is 
generated in less than one week giving immediate feed- 
back on device reliability. The standard industry monitor- 
ing schemes typically take a minimum of 22 weeks to 
obtain this feedback and it is not uncommon for the cycle 
time to be up to 40 weeks before fab is alerted of a 
problem. 

Linear Technology utilizes this new control technique in 
addition to the conventional reliability audit on randomly 
pulled finished product. 


Process Reliability Monitor 


STANDARD INDUSTRY RELIABILITY AUDIT 


FIELD CHANNEL MONITOR 



ACCELERATED FAB RELIABILITY AUDIT 

In-House 

FAB Assembly Test 


[Wl 

1 Week Audit Test 

Feedback Pattern 



SODIUM MONITOR 


Base 



ISO 
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Conclusion 

At Linear Technology Corporation we are addressing relia- 
bility and quality with the same priority to produce the 
best possible product in the analog world. We believe that 
the combination of our extensive design skills, and excit- 
ing innovations in the wafer fabrication process, coupled 
with the most modern assembly techniques, has produced 
the “MOST RELIABLE” linear products available in the 
market today. Our standard product flows include thermal 


limit rack burn-in (for all regulators) and 150°C or 125°C 
burn-in for Military 883 products to significantly reduce 
the infant mortality failures. In addition, our 883 flow is de- 
signed to further enhance product reliability. We fully 
realize that the cost of failure in the field is many orders of 
magnitude more than the initial component cost. By pur- 
chasing LinearTechnology Corporation’s products, worth- 
while insurance can be gained. 


Reliability Test Structure 



LT07H— Mean Time Between Failures 


Part No. 5001 
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At Linear Technology Corporation our overriding commit- 
ment is to achieve Excellence in Quality, Reliability and Ser- 
vice (QRS) and total customer satisfaction. We interpret the 
word “excellence” to mean delivering products that consis- 
tently exceed all the requirements and expectations of our 
customers. The commitment to QRS extends from the Pres- 
ident to every employee, from design to product qualifica- 
tion, and from manufacturing to shipping. To meet this 
commitment, Linear Technology has established a compre- 
hensive program called “Quality for the Nineties.” 

This program is divided into four separate, but highly in- 
terrelated programs, namely Quality Environment, Total 
Quality Control (TQC), Vendor Participation, and Focus for 
the Nineties. 

Quality Environment 

This first program, Quality Environment, serves as the build- 
ing block for three other programs. It entails establishing an 
environment that is conducive to the participation of each 
and every employee in helping to build quality into our prod- 
ucts. This program encourages every employee to identify 
any quality problem and participate in recommending 
solutions. 


Quality for theWs 



A comprehensive operator training and certification pro- 
gram has been established that covers every area of man- 
ufacturing from incoming raw material inspection, wafer 
fabrication, assembly, and test to shipping. Emphasis is 
placed on compliance with specifications, performance to 
quality goals, electrostatic discharge damage (ESD) aware- 
ness and controls, encouraging operators to think quality 
and recommend quality improvement ideas. 

To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing areas 
and suppliers at periodic intervals. Compliance with 
process specifications and the detailed programs of the 
Corporate Quality Assurance Policy are verified, and dis- 
crepancies reported for quick resolution with special em- 
phasis to eliminate recurring problems. The performance of 
each area is then rated, providing a strong incentive for 
each area to excel. 

With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer re- 
quirements and goals. 


Systems Quality Audit-Tracking Recurring Problems 
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Total Quality Control (TQC) 

The second program starts with the incorporation of innova- 
tive, but conservative, design and layout rules to achieve 
the best performance without sacrificing quality and relia- 
bility. During the design and development cycle, Design, 
Product, Package, Manufacturing, Quality and Reliabilty 
Engineering groups participate in design reviews to ensure 
that all program aspects are covered; ranging from product 
performance objectives to ensuring reproducibility and re- 
peatability in wafer fabrication and assembly. Special em- 
phasis is placed on devising input protection circuitry to 
minimize susceptibility to voltage spikes and ESD, optimiz- 
ing thermal layout to minimize parametric drift, and 
optimizing bond pad layout to maximize assembly and elec- 
trical test yields, at the same time allowing the die to be 
assembled in a wide selection of packages. 

Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer- 
ing runs. The test plan is selected to bring out any weak- 
nesses in the design and any manufacturability problems, 
and includes reliability stress tests such as high tempera- 
ture operational life and high temperature humidity bias 
85°C/85% RH for plastic packages, and MIL-STD-883C 


Raw Material Controls 



VENDOR PERFORMANCE TRACKING- 
TO DETERMINE VENDOR QUALIFICATION/ 
DISQUALIFICATION STATUS 


method 5005 qualification testing for hermetic packages. 
Product performance on these tests must be equal to or bet- 
ter than similar products within the same generic group to 
be considered qualified. Major design, package, material 
and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev- 
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original prod- 
uct to be considered qualified. 

In manufacturing, process controls start with vendor quali- 
fication on raw material piece parts. A Qualified Vendor List 
is maintained and performance of each vendor is continu- 
ously monitored on a Vendor Rating Program. A dimen- 
sional, visual, functional and, where applicable, composi- 
tional analysis is performed on each direct raw material lot. 
Automated state-of-the-art wafer fabrication, assembly and 
test equipment, cassette-to-cassette handling in wafer fab- 
rication and automated handling in assembly are utilized, 
where possible, to maintain manufacturing consistency 
and quality. Only fully trained and certified operators are al- 
lowed to work on production material. 


SEM Monitor of Metallization Quality 
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Stringent process controls, typically beyond Industry stand- 
ards, are established for each critical manufacturing step in 
wafer fabrication, wafer test, assembly, package finishing, 
mark and pack and shipping as depicted in the Quality Con- 
trol Flow Diagram. The process controls include monitors of 
critical assembly processes at a minimum frequency of four 
times per shift, and lot acceptance inspection for operations 
requiring 100% production inspection. Initial die inspection 
and preseal visual inspection are performed per MIL-STD-883 
Method 2010 Test Condition B. Statistical quality control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of con- 
trol charts with action limits and upper and lower control lim- 
its, and in parametric distribution analysis at electrical test. 

Electrical quality is guaranteed by conservative guard- 
banding on production test programs of a minimum of three 
machine guardbands, by using state-of-the-art test equip- 
ment and 0.04% AQL for lot acceptance testing at 25°C for all 
military and commercial lots. Additional tests, like rack burn- 
in, beyond the data sheet specifications on regulator prod- 
ucts are performed by exercising the parts in a thermal 
shutdown mode. These tests are incorporated into the test 
flow to improve reliability and weed out infant mortality fail- 
ures. Visual and mechanical quality is optimized by minimiz- 
ing handling of parts in assembly, test and end of line 
operations. Lead finish processes have been selected that 
mimimize solderability problems and all lots are subjected to 


a stringent major visual/mechanical inspection. Administra- 
tive errors due to mixed and wrong parts are minimized by 
strictly adhering to a one lot per station policy, and double 
checking orders at order entry and shipping. Before shipment 
of a lot to the customer each lot is inspected to ensure that it 
meets internal and customer specifications and purchase or- 
der requirements. The level of attention paid to each unit is 
demonstrated by the fact that each unit is traceable to the 
wafer fabrication lot number via a side or back mark on both 
883 and commercial products on all packages, except where 
there is a physical constraint. 

Through the use of automated equipment, strict process 
controls (utilizing proven statistical quality control tech- 
niques), periodic systems and quality audits (conducted by 
the Quality Audit Team), stringent facilities and environ- 
mental controls and monitors, Linear Technology is able to 
ensure quality is built into the product and to guarantee a 
consistently high quality level. 

The manufacturing quality controls are complimented by a 
reliability audit program designed to weed out design, fab- 
rication, packaging and assembly deficiencies. Addition- 
ally, controls are supported by a comprehensive failure 
analysis and corrective action program designed to provide 
timely feedback of findings to all operating groups for reso- 
lution. The analysis of customer returns, and corrective ac- 
tion taken, completes the closed loop of our Total Quality 
Control program. 


X and R Control Chart for One Variable 
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Military and Commercial Products Share 
the Same Stringent Inspections and Controls 


WAFER FABRICATION PROCESS CONTROLS & CLASS 100 PROCESSING. 
REGULAR SEM MONITORS. 

DICE INSPECTION PER MIL-STD-883C METHOD. 2010 TEST CONDITION B. 
PRE-SEAL VISUAL INSPECTION PER MIL-STD-883C METHOD 2010. TEST 
CONDITION B. 

DIE SHEAR TEST PER MIL-STD-883C METHOD 2019. 

BOND PULL TEST PER MIL-STD-883C METHOD 2011 . 

SOLDERABILITY TEST PER MIL-STD-883C METHOD 2003 
MARK PERMANENCY TEST PER MIL-STD-883C METHOD 2015. 

HERMETICITY TESTING PER MIL-STD-883C METHOD 1014. 

QA ELECTRICAL TEST TO 0.04% AQL AT 25°C, AND TEMPERATURE TESTING 
EXTERNAL VISUAL PER MIL-STD-883C METHOD 2009. 
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Vendor Participation 

The requirements of high quality raw materials for inte- 
grated circuit manufacture range from ppb (parts per billion) 
impurity levels for electronic grade chemicals to ppm (parts 
per million) defective levels for lead frame packaging 
materials. It is not only essential, but critical for the semi- 
conductor manufacturer to work closely with their vendors 
to attain the high quality levels needed in raw materials. At 
Linear Technology, a program has been established and im- 
plemented to allow vendor participation in formulating 
specifications and establishing percentage defective and 
lot rejection rate goals. This vendor participation ensures 
that the direct and raw material quality levels received are 
consistent with our manufacturing and end-product quality 
goals. Clearly, achieving optimum quality product requires 
the use of the best possible materials available and with 
continuous communication and feedback from our vendors 
to improve in this key area. 

Focus For the 90’s 

The following key quality improvements programs have 
been established to meet the quality requirements of the 
90’s. 

PPM Goals 

As demand for quality semiconductor components be- 
comes increasingly more stringent, the percentage goals 
from the 1970’s have given way to ppm goals in the 1980's. 
At Linear Technology, ppm quality goals are established for 
every major operation, from incoming inspection to cus- 
tomer returns. Performance to goals is reviewed quarterly 
and, where goals are not met, quality improvement pro- 
grams are defined and implemented. Quality goals are 
updated and tightened on an annual basis, and quality pro- 
grams are redefined to achieve the new goals established. 
One of the early benefits of this program is demonstrated by 
the excellent average outgoing electrical quality (AOQ). 


Statistical Process Control (SPC) 

The increased reliance on automated manufacturing and 
test equipment underlines the need for strict process con- 
trol techniques. SPC is a valuable tool and, at Linear 
Technology, we realize the importance of these methods. 
Engineering analysis is performed regularly, using SPC 
techniques to establish the process capability. Control 
charts showing X and R points are tracked to ensure the 
process is within normal limits and action and shutdown 
limits are established for critical operations. The process 
capability of key processes are calculated using the Cpk 
capability index on an ongoing basis to ensure a program 
for continuous quality improvement. 


X and R Control Chart forTwo Variables 
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ESD Control 

A comprehensive ESD control program has been estab- 
lished which encompasses design, handling, testing, stor- 
age, and final packaging for shipment. The program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic treatment of floor 
coverings, banning of static bearing materials from the 
manufacturing environment, ionizers, and use of conduc- 
tive or antistatic materials for handling and final packaging. 
Areas where ESD control must be enforced are designated 
as ESD Protected areas. ESD awareness training programs 
help to increase the operator’s awareness for successful 
implementation of this program. Every effort is made to 
stamp out this silent chip killer. The benefits of this pro- 
gram are improved quality and reliability to the customer. 


Customer Ship-To-Stock Program 

Linear Technology is working hand-in-hand with customers 
to supply consistently high quality-level products to help 
achieve a ship-to-stock program by eliminating the need to 
do an incoming inspection. We recognize the benefits to our 
customers of a ship-to-stock program, namely savings in 
the need to purchase and maintain incoming test equip- 
ment, savings in the need to maintain a safety stock in case 
of incoming lot rejections, and reduction in board failures 
and re-work costs because of higher component quality. 


Ship-To-Stock Program Flow 


Quality System Surveys MIL-Q-9858 and MIL-l-45208 Approval 



CALENDAR QUARTER (FOR CY1 983-1 989) 


Based on the foregoing quality programs, Linear 
Technology Corporation is positioned to con- 
tinuously improve our product quality and ex- 
ceed the demands of our customers in the 80 ’s 
and beyond. 



100% INCOMING INSPECTION 


ESTABLISH PPM GOAL WITH CUSTOMER. 


CUSTOMER MEASURES AIQ 
(AVERAGE INCOMING QUALITY) 


ELIMINATE 100% INCOMING INSPECTION AND 
START SHIP-TO-STOCK WHEN AIQ<PPM GOAL. 


LTC PROVIDES CUSTOMER WITH AOQ 
(AVERAGE OUTGOING QUALITY) DATA. 


CUSTOMER TRACKS BOARD/SUBSYSTEM/SYSTEM 
TEST DATA ON SHIP-TO-STOCK PARTS. 


CUSTOMER TO RETURN FAILED PARTS 
TO LTC FOR FAILURE ANALYSIS. 
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Linear Technology R-Flow 

Reliability has been a key focal point at Linear Technology 
Corporation since our inception in 1981. Our standard prod- 
uct reliability is monitored closely and we have generated 
an extensive reliability data base for both hermetic and 
plastic devices. This data is published on a quarterly basis 
and we are seeing very low reliability failure rates in the un- 
der 1 FIT range at 55°C.* 


'Note: 1 FIT = 1 failure in 10 9 device hours. 


In response to customer requests, we have added an even 
higher level of reliability screening for commercial hermetic 
and plastic components. LTC’s R-Flow adds an equivalent 
160 hours 125°C burn-in to the standard commercial pro- 
cess flow. Following burn-in, a 100% room temperature test 
is performed and a 10% PDA (Percent Defective Allowed) is 
applied. This PDA limit affords an additional level of insur- 
ance on a lot-by-lot basis and prevents the occasional dis- 
parate lot from being shipped for critical applications. The 
additional room temperature insertion also decreases the 
probability of any electrical defectives in the R-Flow lot. 


R-Flow forTO-5 and CERDIP Packages 
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R-FLOW 


R-Flow for Plastic Dual-In-Line Packages 
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introduction 

As integrated circuit technologies achieve higher speed, 
smaller geometries, lower power and lower voltage, there 
is a trend toward greater ESD (Electrostatic Discharge 
Damage) susceptibility. State-of-the-art CMOS ICs can be 
susceptible to as little as 50V, a static level that is way be- 
low the 500V to 15,000V commonly found in an ESD unpro- 
tected work environment. As these state-of-the-art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti- 
mates of losses due to ESD are in the range of a few billion 
dollars annually 

It has now become increasingly more important for all 
semiconductor manufacturers and users of semiconduc- 
tor and other electronic components to fully understand 
the nature of ESD, the sources of ESD, and its impact on 
quality and reliability, to effectively deal with this silent 
chip killer. 

Linear Technology Corporation has successfully under- 
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. Described in this section are the 
keypoints of this program. 

The objective is to provide increased ESD awareness by 
showing the sources of ESD in the work environment, and 
to recommend keypoints for the successful implementa- 
tion of an ESD program on a company-wide basis. 

The end result of a successful ESD program would be the 
reduction of line failures, final inspection failures and 
field failures, improved manufacturing yields, improved 
product quality and reliability and lower warranty costs. 
We hope that this will help to convince the reader that an 
ESD Protection Program must be an integral part of every 
electronic company’s product quality and reliability 
program. 

Key Elements of a Successful ESD Protection Program 

Recent improvements in failure analysis techniques to 
correctly identify ESD failures together with an increase in 
ESD related information from technical publications, 


EOS/ESD symposiums and vendors have significantly 
helped to increase ESD awareness. 

The ESD Protection Program at Linear Technology 
Corporation was successfully launched in 1983 when 
production of ICs was first started. A constant upgrading 
of the program is still underway. During the ongoing ef- 
forts to improve product quality and reliability, previously 
unrecognized ESD related problems have been brought to 
light and corrected. 

An effective ESD Protection Program must start at product 
design, and encompass all manufacturing and handling 
steps up to and including field service and repair. Our de- 
sign goal is to achieve an ESD susceptibility level of 
2,000V or greater. 

Since the sources of static in any work environment are 
similar, key elements of the program successfully imple- 
mented at Linear Technology Corporation can also be ap- 
plied to all users of electronic components. Where these 
key elements apply, static controls generic to an elec- 
tronic systems manufacturer are included. 

The key elements of a successful ESD Protection Program 
include: 

1. Understanding static electricity. 

2. Understanding ESD related failure mechanisms. 

3. ESD sensitivity (ESD) testing. 

4. Establishing an ESD task force to outline the require- 
ments of the program, sell the program to manage- 
ment, implement the program, review progress against 
milestones, and follow-up to ensure the program is con- 
tinuously improved and upgraded. Selecting an ESD 
coordinator to interface with all departments affected. 

5. Conducting a facility evaluation to help identify the 
sources of ESD and establish static control measures. 

6. Setting up an audit program. 

7. Selection of ESD protective materials and equipment. 

8. Establish a training and ESD awareness program. 
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What is Static Electricity? 

Lightning and sparks from a metallic doorknob during a 
dry month are examples of static electricity. The magni- 
tude of a static charge is dependent on many variables, 
among them the size, shape, material composition, sur- 
face characteristics and humidity. There are basically 
three primary static generators, namely triboelectric, in- 
ductive and capacitive charging. 

Triboelectric Charging 

The most common static generator is triboelectic charg- 
ing. It is caused when two materials (one or both of which 
are insulators) come in contact and are suddenly separat- 
ed or rubbed together, creating an imbalance of electrons 
on the materials and thus static charge. 

Some materials readily give up electrons whereas others 
tend to accumulate excess electrons. The Triboelectric 
Series lists materials in descending order from positive to 
negative charging due to this triboelectric effect. A sam- 
ple triboelectric series is shown here. A material that is 
higher on the list, e.g., a human body, will become posi- 
tively charged when rubbed with a material, e.g., polyester, 
that is lower on the list, due to the transfer of electrons 
from the human body to the polyester material. 


Triboelectric Series 


Human Body 
Positive Glass 

+ Mica 

Nylon 
Wool 
Fur 
Silk 

Aluminum 

Paper 

Cotton 

Steel 

Wood 

Hard Rubber 
Orion 
Polyester 
Polyethylene 

Negative PVC (Vinyl) 
Teflon 


Inductive Charging 

Static can also be caused by induction, where a charged 
surface induces polarization on a nearby material. If there 
is a path to ground for the induced charge, an ESD event 
may take place immediately. An example of an induced 
charge is when the plastic portion of a molded 1C package 
acquires a charge either through triboelectric charging or 
other means, produces an electrostatic field and 
induces a charge on the conductive leads of the device. 
When the device leads are grounded, a short duration 
damaging static pulse can take place. 

Capacitive Charging 

The capacitance of a charged body relative in position to 
another body also has an effect on the static field. To 
see that this is true, one need only look at the equation 
Q = C V (charge equals capacitance times voltage). If the 
charge is constant, voltage increases as capacitance de- 
creases to maintain equilibrium. As capacitance de- 
creases the voltage will increase until discharge occurs 
via an arc. A low voltage on a body with a high capacitance 
to ground can become a damaging voltage when the body 
moves away from the ground plane. For example a 100V 
charge on a common plastic bag lying on a bench may in- 
crease to a few thousand volts when picked up by an 
operator, due to a decrease in capacitance. 

These sources of static can be found almost anywhere in 
an unprotected work environment, on personnel wearing 
synthetic clothing and smocks, on equipment with 
painted or anodized surfaces, and on materials such as 
carpets, waxed vinyl floors, and ungrounded work 
surfaces. 

Understanding the Failure Mechanisms 

In the past, analysis of electrical failures to pinpoint ESD 
as a cause was often difficult. But with a better under- 
standing of failure mechanisms and their causes, and the 
use of more sophisticated techniques like scanning elec- 
tron microscopy (SEM), pinpointing ESD failures can now 
be part of a routine failure analysis. 
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Parametric or functional failure of bipolar and MOS ICs 
can occur as a result of ESD. 

The primary ESD failure mechanisms include: 

1. Dielectric Breakdown: This is a predominant failure 
mechanism on MOS devices when the voltage across 
the oxide exceeds the dielectric breakdown strength. 
This failure mechanism is basically voltage dependent 
where the voltage must be high enough to cause dielec- 
tric breakdown. As such, the thinner the oxide, the 
higher the susceptibility to ESD. MOS device failures 
are characterized by resistive shorts from the input to 
VpDorVss. 


MOS Transistor Structure 
Showing ESD Included Pinholes at Gate Oxide 



This failure mechanism can also be found on bipolar 
ICs which have metallization runs over active semi- 
conductor regions separated by a thin oxide. Device 
failures are characterized by resistive or high leakage 
paths. 

2. Thermal Runaway (Second Breakdown): This failure 
mechanism results in junction melting when the melt- 
ing temperature of silicon (1415°C) is reached. This is 
basically a power dependent failure mechanism, 
namely the ESD pulse shape, duration and energy can 
produce power levels resulting in localized heating and 
eventually junction melting, even though the voltage 
level is below that required to cause dielectric break- 
down. Second breakdown of the emitter-base junction 
of a NPN transistor is a common ESD related failure 
mode on bipolar ICs, since the highest current density 
occurs on the smallest current carrying area which is 
typically the emitter-base junction. Low current gain 
(hpE) is a very sensitive indicator of emitter-base junc- 
tion damage on bipolar linear ICs. 


3. Metallization Melting: When junction melting and a 
short occurs, localized melting of the metallization can 
occur if there is enough energy in the ESD pulse. This is 
frequently a secondary failure mechanism, following a 
short resulting from one of the other failure modes. 

4. Parametric Degradation: On precision, high speed ICs 
(e.g., bipolar operational amplifiers with a typical input 
bias current of lOpA and low input offset voltage of typ- 
ically 50/tV) ESD can cause device degradation, besides 
functional failures. This can impact electrical perform- 
ance and adversely affect device reliability. 

This degradation in device parametric performance is 
far more difficult to pinpoint as an ESD related failure 
mode. It is also the least understood among the failure 
modes. The extent of this degradation is dependent on 
the number of ESD pulses and the level of damage 
sustained. The first ESD pulse may not cause an 1C to 
fail the electrical datasheet limits, but with each subse- 
quent ESD pulse, the parametric performance can de- 
grade to the point where the device no longer meets the 
datasheet limits. 

There is a great deal of current research focused on 
ESD induced latent failures, and there now appears to 
be more evidence of this type of failure mechanism. 



RESISTIVE SHORT ON A 
METALLIZATION STRIP OVER 
A THIN OXIDE N+ REGION 
ON A BIPOLAR 1C 
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ESD Failure Analysis Program 

ESD defect identification must be an integral part of a fail- 
ure analysis program. The key objectives are to help 
identify the ESD failure mechanism, isolate the cause for 
failure, and implement corrective action to prevent recur- 
rence. All devices suspected of being damaged by ESD af- 
ter initial electrical verification, should be failure 
analyzed. 

An ESD failure analysis program is outlined below. 

1. Initial electrical test verification. 

2. Review device history to determine if there are any simi- 
lar failures in the past. Review ESD sensitivity data if 
available. 

3. Investigate conditions in any area that can potentially 
cause ESD damage. Common potential problem areas 
include: 

• Proper grounding procedures not being followed 
(e.g., conductive table/floor mats not grounded, per- 
sonnel not wearing wrist strap, etc.) 

• Improper handling (e.g., handling devices at a non- 
ESD protected station) 

• Transporting devices in unapproved containers (e.g., 
in common plastic bags/tubes/tote boxes) 

• Changes in procedures or operation 

• Changes in equipment 

• Design deficiencies 

4. Failure analysis sequence: 

• Bench testing and curve tracer analysis 

• Pin-to-pin analysis 

• Internal visual (10 x to 1000 x) 

• Liquid crystal hot spot detection 

• Scanning electron microscopy (SEM), secondary ion 
mass spectrometry (SIMS), energy dispersive X-ray 
analysis (EDX), scanning auger microprobe (SAM) 

• Plasma/chemical etching 

• Special fault decoration 

• Micro-sectioning 

• Documentation 

An excellent failure analysis manual is published by 
the Rome Air Development Center titled “Failure Analy- 
sis Techniques-A Procedural Guide”. 


5. Duplication of failure by stressing identical devices. 
The same or similar electrical failure mode is a good in- 
dicator of an ESD induced failure mode. 

6. Implement corrective action to prevent recurrence. 
Corrective action may include: 

• Component, board, sub-system or system level 
redesign 

• Improve ESD controls 

• Improve part handling 

• Improve ESD awareness 

• Improve compliance with ESD protection procedures 

• Increase audit frequencies 

• Improve packaging materials and procedures 

Corrective action taken by the end user should include 
a thorough review of electrical and mechanical packag- 
ing designs. In addition the end user should consult 
with the 1C manufacturer on their findings, request fail- 
ure analysis of suspected ESD failures if needed and 
require the 1C manufacturer to take appropriate correc- 
tive action on any confirmed ESD failure. 


ESD Sensitivity (ESDS) Testing 

ESDS testing is crucial in helping the 1C designer and the 
end user evaluate the ESD susceptibility of a particular de- 
vice. At Linear Technology Corporation, ESDS testing is 
incorporated into the failure anaylsis program and is per- 
formed on each device as part of the product characteriza- 
tion program. The ESDS testing is also part of new product 
qualification. Linear Technology performs this ESDS test- 
ing according to MIL-STD-883C, Method 3015. 

The ESDS testing provides immediate feedback to the 1C 
designer on any weakness found in the design and per- 
mits design correction before product release. The ESDS 
data collected is also used as baseline data to evaluate 
the effect of any future design changes on the ESDS test- 
ing performance, and to help ensure that the final packag- 
ing methods meet MIL-M-38510F requirements. Devices 
which are classified as Category A devices, susceptible to 
2000V or less, on this ESDS testing are top marked with an 
equilateral triangle per MIL-M-38510F requirements. 
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Since people are considered to be a prime source of ESD, 
the ESDS test circuit is based on a human ESD model. A 
1500Q resistor and a lOOpF capacitor are used in the test 
circuit. Human capacitance is typically 50pF to 250pF, 
with the majority of people at lOOpF or less, and human re- 
sistance ranges from 10000 to 50000. Five combinations 
of input, output, V + and V' pins are tested. An ESD fail- 
ure is defined as a voltage level which causes sufficient 
damage to the device such that it no longer meets the 
electrical datasheet limits. 

After initial ESDS testing, it is important that ESDS test 
monitoring be performed periodically on devices from vari- 
ous lots to determine lot-to-lot variation, The VZAP-1 re- 
port titled “Electrostatic Discharge (ESD) Susceptibility of 
Electronic Devices” published by the Reliability Analysis 
Center, Rome Air Development Center, contains a wealth 
of information on ESDS testing data on devices of differ- 
ent process technologies from many manufacturers. The 
data in this report clearly indicates a large lot-to-lot varia- 
tion relating to ESD susceptibility on the same device. 

Design for ESD Protection 

ESD protection designs employed on Linear Technology 
Corporation devices include: 

1. Input clamp diodes 

2. Input series resistors to limit ESD current in conjunc- 
tion with clamp diodes 

3. Keeping critical junctions out of reverse breakdown, or 
physically enlarging it 

4. Eliminating metallization runs over thin oxide regions 
when they are tied directly to external pins 

ESD Task Force 

An ESD task force should consist of members from each 
affected department to do the foundation work, sell the 
program to management, and implement the program with 
the following objectives: 

1. Develop, approve and implement an ESD control speci- 
fication covering all aspects of design, ESD protected 
materials and equipment, and manufacturing 


2. Raise the level of ESD awareness 

3. Develop a training and certification program 

4. Work with all departments on any ESD questions or 
problems 

5. Develop a program to educate and assist sales offices, 
distributors and customers to minimize ESD 

6. Review and qualify new ESD protective materials and 
equipment, and keep specifications and training pro- 
gram updated 

7. Measure the cost-to-benefit ratio of the program 


Facilities Evaluation 

The ESD task force should be responsible for facility 
evaluation. This evaluation should be guided by the ESD 
coordinator. The ESD coordinator should be chosen for 
strong knowledge of ESD controls, and for the ability to 
effectively interface with all affected departments. The 
primary objective of the task force is to pinpoint areas that 
represent sources of static electricity and potential yield 
losses due to ESD. 

A representative, preferably the engineering or production 
manager, from each of the key manufacturing areas 
should be represented on this task force. At Linear Tech- 
nology Corporation this effort is headed by the Quality As- 
surance Manager and the Package Engineering Manager. 
The balance of the ESD task force members are the 
Test Engineering, Product Engineering, and Production 
Managers. 

The only equipment needed for this survey is a field static 
meter which measures static up to a level of 50kV. Both 
nuclear and electronic type static meters are available 
from manufacturers like 3M, Simco, Wescorp and Scien- 
tific Enterprises. 

Regardless of area classification, all manufacturing areas 
can be broken down into the following categories for 
evaluation purposes. 
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1. Personnel 

Personnel represents one of the largest sources of static, 
from the type of clothing, smocks and shoes that they 
wear (for example, polyester or nylon smocks). 

2. The Environment 

The environment includes the room humidity and floors. 
Relative humidity plays a major part in determining the 
level of static generated. For example, at 10-20% RH a 
person walking across a carpeted floor can develop 35kV 
versus 1.5kV when the relative humidity is increased to 
70%-80%. Therefore the humidity level must be con- 
trolled and should not be allowed to fluctuate over a broad 
range. 

Floors also represent one of the greatest contributors of 
static generation on personnel, moving carts or equipment 
because of movement across its surface. Carpeted and 
waxed vinyl floors are prime static generators. 

3. Work Surfaces 

Painted or vinyl covered table tops, vinyl covered chairs, 
conveyor belts, racks, carts and shelving are also static 
generators. 

4. Equipment 

Anodized surfaces, plexiglass covers, ungrounded solder 
guns, plastic solder suckers, heat guns and blowers are 
also static generators. 

5. Materials 

Look out for common plastic work holders, foam, common 
plastic tote boxes and packaging containers. 

Examples of typical static levels are shown in the table 
below. 


RELATIVE HUMIDITY 
10%-20% 70%-80% 

Walking across a carpeted floor 

35kV 

1.5kV 

Walking across a vinyl floor 

12kV 

0.3kV 

Picking up a common plastic bag 

15kV 

0.5kV 

Sliding plastic box over bench/conveyor 

15kV 

2.0kV 

Ungrounded solder sucker 

8kV 

I.OkV 

Plastic cabinets 

8kV 

I.OkV 


This ESD survey should include all direct and support 
manufacturing areas where semiconductor and other elec- 
tronic components are handled, and should be extended 
to cover distribution and field sales offices, and field ser- 
vice centers. Once the facility evaluation is completed, the 
results are reviewed by the ESD task force, and controls 
are selected to combat each potential ESD problem area. 

The ESD Protection Program 

The degree of static control should be determined by the 
most static sensitive device or assembly in the operation. 
Top management support and implementing the same ba- 
sic controls in all areas with no double standards will help 
to ensure success. 

The basic concept of complete static protection is the pre- 
vention of static buildup, the removal of any already exist- 
ing charges, and the protection of electronic components 
from induced fields. The first and foremost line of defense 
is the personnel wrist strap together with grounded con- 
ductive or static dissipative table tops, and conductive 
heel straps and grounded conductive or static dissipative 
floor mats. 

To increase ESD awareness at Linear Technology Corpora- 
tion, all ESD Protection Areas are marked by an identifying 
label shown below. This label alerts all personnel that ESD 
protection procedures are enforced in the area. 



ESD Protected Workstation 

Examples of ESD Protected Workstations are shown in 
Figures 1 and 2. 
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Option 1 (Figure 1): All electronic components, sub-assem- 
blies and assemblies must be handled at an ESD Pro- 
tected Workstation only. The figure illustrates an ESD Pro- 
tected Workstation consisting of a static dissipative table 
mat grounded to earth or electrical ground through a IMS 
series resistor, with the requirement that the operator 
wears a grounded insulated conductive wrist strap with a 


1MQ series resistor. This 1M0 series resistor protects the 
operator from electrical shock, should the operator come 
in contact with a potentially lethal voltage. Option 1 
should be used where the operator does not require a 
large degree of freedom, e.g., during product inspection, 
component soldering, board repair, etc. 



MATERIALS: 1 1/1 6" THICK CONDUCTIVE OR STATIC DISSIPATIVE TABLE MAT WITH SURFACE 

RESISTIVITY OF <10 8 O PER SQUARE. 


2. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM, 1MO±10%, AND 18AWG OR LARGER INSULATED WIRE 

3. INSULATED CONDUCTIVE WRIST STRAP WITH 1/4W MINIMUM, 1MO±10%, 
AND 20AWG OR LARGER INSULATED WIRE. THE CURRENT LIMITING 1MQ 
RESISTOR MUST BE LOCATED RIGHT NEXT TO THE WRIST TO PREVENT THE 
POSSIBILITY OF SHUNTING THE RESISTOR. 

4. POWER TEST EQUIPMENT MUST BE CHASSIS GROUNDED VIA A THREE-PRONG 
PLUG, AND PLACED ON AN INSULATION PAD MADE OF FORMICA, FIBERGLASS 
OR EQUIVALENT MATERIAL. 


Figure 1 



MATERIALS: 1 . OPTIONAL 1/8" THICK CONDUCTIVE OR STATIC DISSIPATIVE MAT OR 

CONDUCTIVE FLOORING (e.g., CONDUCTIVE FLOOR TILES) WITH A SURFACE 
RESISTIVITY OF <10 8 Q PER SQUARE. 

2. CONDUCTIVE SHOE STRAP WITH A SURFACE RESISTIVITY OF < 10 8 Q PER 
SQUARE. 

3. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W 
MINIMUM, 1MQ± 10%, AND 18AWG OR LARGER INSULATED WIRE 

Figure 2 
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Option 2 (Figure 2): Shows an alternate installation meth- 
od for an ESD Protected Workstation. It consists of a 
conductive or static dissipative floor mat grounded to 
earth or electrical ground through a IMG series resistor 
with the operator wearing a conductive shoe strap. This in- 
stallation is typically used where the operator needs free- 
dom of movement over a large area, e.g., environmental 
chamber loading and unloading, electrical testing, etc. To 
be effective the conductive shoe strap must be attached 
to the wearer’s shoe to maximize contact between the 
strap and the conductive floor. 

Option 3: Utilizes the same conductive or static dissipa- 
tive floor mat installation as Option 2 with the exception 
that the operator is grounded via a wrist strap through the 
equipment ground instead of a conductive shoe strap. It is 
utilized where an operator is working with a piece of free- 
standing equipment and does not require a great deal of 
freedom of movement. 

Handling 

At Linear Technology Corporation all products are han- 
dled, transported and staged in volume conductive tote 
boxes. This offers maximum protection to the compo- 
nents from triboelectrically generated and inductive static 
charges. The rule is under no circumstances should com- 
ponents be removed from their approved containers ex- 
cept at an ESD protected workstation. 

Final Packaging 

Only antistatic and conductive final packaging containers 
(for example, antistatic or conductive dip tubes, volume 
conductive carbon loaded plastic bags or metallic film 
laminate bags, foil lined boxes) are used. Filler (dunnage) 
material used should be antistatic, non-corrosive, and 
should not crumble, flake, powder, shred or be of fibrous 
construction. Conductive packing materials are preferred 
since they not only prevent buildup of triboelectric charge, 
but also provide shielding from external fields. 

Other ESD Preventative Measures 

• Where possible, ban all static bearing materials, 
e.g., common plastics, styrofoam from the work 
environment. 

• Use only synthetic material smocks with 1% to 2% in- 
terwoven steel. 


• Ensure all electronic and electro-mechanical equip- 
ment is chassis grounded, including conveyor belts, va- 
por degreasers and baskets, solder pots, etc. 

• Tips of hand soldering irons are to be grounded. 

• All parts of hand tools (e.g., solder suckers, pliers, etc.) 
which can be expected to come in contact with elec- 
tronic components are to be made of conductive mate- 
rial and grounded. 

• Conductive shorting bars are to be installed on all 
terminations for PC boards with electronic components 
during assembly, loading, inspecting, repairing, solder- 
ing, storing and transporting. 

• All PC boards with electronic components are not to be 
handled by their circuitry, connector points or connec- 
tor pins. 

• High velocity air movement is to be delivered through a 
static neutralizer. 

• Air ionizers are to be employed in neutralizing static 
buildup on insulators if they have to be used or as an ex- 
tra precautionary measure for extremely sensitive 
assemblies. 

• Do not slide electronic components over a surface. 

Air ionizers come in three basic types: nuclear, AC and 
pulsed DC. These ionizers can neutralize static charges on 
non-conductive materials by supplying the materials with 
a stream of both positive and negative ions. 

The advantage of the AC or pulsed DC type air ionizer is 
that there is no recurring annual replacement cost. The 
disadvantages are: it emits ozone which can damage rub- 
ber in equipment; EMI (Electro Magnetic Interference); 
and an imbalance in the stream of ions if not properly 
maintained, therefore necessitating frequent preventive 
maintenance. 

The advantages of the nuclear type air ionizer are low 
maintenance, no ozone, no EMI and no imbalance prob- 
lems. The disadvantages are that it requires careful han- 
dling because of the radioactive source, and the annual 
recurring cost to replace the radioactive source. 

The selection of air ionizers must be done with care with 
awareness of the above limitations. The squirrel cage 
ionized air blower has been proven to produce a signif- 
icantly more even distribution of ion patterns than does a 
conventional fan blower design. 
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Maintenance 

ESD protective floor and table coverings must be properly 
maintained. Do not wax over them. Cleaners must not de- 
grade their electrical properties. Vacuum to remove loose 
particles, followed by a wet mop with a solution of mild 
detergent and hot water. 

Periodic Audits 

At Linear Technology Corporation periodic audits are con- 
ducted to check on the following at least once a month, 
unless otherwise noted. 

• Compliance with ESD control procedures. 

• Ensure that the conductive ground cord connection is 
intact by measuring the series resistance to ground 
with an ohmmeter. 

• Ensure that wrist straps are still functional by measur- 
ing the resistance from the person to ground. The 
ground lead of the ohmmeter is connected to the 
ground connection of the wrist strap, and the positive 
lead is connected to a stainless steel electrode (one 
inch in diameter, and three inches long #304 stainless 
steel) which is held by the person. This test method not 
only checks the resistance of the series resistor, but 
also resistance through the ground cord and also any 
contact resistance between the wrist strap and the per- 
son’s skin. This test procedure is required when wrist 
straps with an elastic nylon band with interwoven 
metallic strands are used, since the metallic strands 
breakdown with prolonged use. This monitor frequency 
may be shortened depending on audit results. 


• Measure the surface resistivity of conductive or static 
dissipative table tops once every 6 months using 
ASTM-F-1 50-72, ASTM-D-257 or ASTM-D-991 test meth- 
ods as appropriate. 

Materials Selection and Specification 

Based on the tremendous amount of ESD protective 
materials available, it is important that materials are se- 
lected based on a stringent qualification. Once the materi- 
als have been selected and specifications defined, a 
material procurement specification needs to be initiated 
that defines the materials and quality requirements to the 
vendor. One of the major pitfalls is to procure material in 
haste, e.g., a wrist strap, only to find out it does not per- 
form reliably. 

The SOAR-1 report titled “ESD Protective Material and 
Equipment: A Critical Review” published by the Rome Air 
Development Center is an excellent reference on the vari- 
ous types of ESD protective materials available. 

At Linear Technology Corporation a minimum of three 
manufacturing lots from a potential vendor are subjected 
to qualification testing per the requirements of the materi- 
al procurement specification for ESD protective materials. 
The vendor is considered qualified only when all three lots 
are found to be acceptable. Once vendors have been quali- 
fied, all incoming ESD protective materials are subjected 
to astringent incoming inspection. 

The following table summarizes a sample material and 
test specification for ESD protective materials. 


Wrist Strap Resistance Test Set-Up 


OHMMETER 
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MATERIAL 

PROPERTIES/ DESCRIPTION 

TEST METHODS 

Wrist Strap 

• Insulated coil cord with a 1 Mfi ± 10%, V 4 W minimum 
series resistor molded into snap fastener {at wrist end), 
and an elastic wrist band with inner metallic filaments 
and insulative exterior. 

Measure series resistance with ohmmeter. Apply normal 
tug to both ends of strap and remeasure series resistance. 
Resistance must be between 0.8 to 1.2MQ. 

Conductive or Static 
Dissipative Table and Floor 
Coverings, Conductive Tote 
Boxes, Conductive Shoe 

Straps 

• Must not shed particles 

• Must not support bacterial or fungal grbwth 

• Conductive: surface resistivity <1O 5 0/square. Static 
Dissipative: surface resistivity >10 5 and <10 9 fl/square. 

Test per ASTM-F-1 50-72, ASTM-D-257, ASTM-D-991 (for 
surface resistivity < 1 0 6 0 /square). 

Conductive Foam 

• Shall not contain more than 30ppm Cl , K, Na when a 
quantitative chemical analysis is' performed 

• Must not support bacterial or fudgal growth 

With devices inserted into the foam, the foam must not 
cause lead corrosion after a 24 hour 85°C/85% RH 
temperature/humidity storage. 

Antistatic and Conductive 

Dip Tubes 

• Must not exhibit an oily-like film 

Must meet an Electrostatic Decay test per Federal Test 
Method Standard 101 Test Method 4046. Material charged 
to 5000V must be discharged to 1 % of its initial value (50V) 
in 2 seconds after a 24 hour conditioning at 15% relative 
humidity. 

Antistatic and Conductive 

Bags 

• Antistatic bags must meet MIL-B-81705 type 2 

• Conductive bags must meet MIL-B-117 and sealing 
requirements of MIL-B-81705 

• Must not support bacterial or fungal growth 

Test method for antistatic bags same as for antistatic/ 
conductive dip tubes. Test method for conductive bags 
same as for conductive table/floor coverings. 

Static Eliminators/Ionized Air 
Blowers 

• Ozone level: 0.1 ppm maximum for 8 hour exposure 

• Noise: 60dB maximum 

• EMI: non-detectable when measured 6 inches away 

l 

Voltage Decay test: A non-conductive sheet of material 
charged to 5kV must be discharged to 1 % of its initial value 
(50V) in 2 seconds at a distance of 2 feet from the ionizer or 
larger distance if application calls for a larger distance. 


Training and Certification Program 

The training program should be developed to increase 
ESD awareness and to assist all personnel in complying 
with the ESD control specification. The program should 
include: 

1. A discussion on “What is Static Electricity?” 

2. How ESD affects ICs 

3. Estimated cost of ESD related losses 

4. Materials and equipment for controlling static 

5. The importance of wearing the wrist strap 

6. The importance of an audit program 

7. Encourage floor personnel to feedback any ESD poten- 
tial areas to the ESD task force 

ESD training should be incorporated into the personnel 
training and certification program. At Linear Technology 
Corporation only fully trained and certified personnel are 
allowed to do actual production work. To help increase 


ESD awareness, it is often a good idea to show ESD 
awareness films and video tapes which are available from 
a variety of sources (Reference 3 provides a list of films 
and video tapes). Personnel are retrained and recertified at 
a minimum frequeacy of once per year. 

Measuring the Benefits 

Where possible, the benefits of an ESD Protection Pro- 
gram should be tracked and quantified. The two yard- 
sticks used at Linear Technology Corporation are final test 
yields and OA electrical average outgoing quality (AOQ). 
Since the implementation of this program, there has been 
a significant improvement in final test yields especially on 
static sensitive CMOS devices. With the elimination of 
ESD as a potential failure cause, the electrical AOQ has 
averaged well under lOOppm for all products combined. 
Improvements such as this help to provide positive feed- 
back to manufacturing and support personnel on the im- 
portance of an ESD Protection Program, and also help to 
ensure its continuing success. 
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static Discharge Symposium Pro- 
ceedings 1979 to current year. 

Test Methods and Procedures For 
Microelectronics 

Microcircuits, General Specifica- 
tion for 

Microcircuits, Packaging of 

Barrier Materials, Flexible, Elec- 
trostatic-Free, Heat Sealable 

Preservation, Packaging and 
Packing Materials Test Proce- 
dures; Test Methods. 4046: Elec- 
trostatic Properties of 
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SURFACE MOUNT PRODUCTS 


Introduction 

Linear Technology Corporation was founded in 1981 to ad- 
dress the growing demand for high performance and 
superior quality linear integrated circuits. 

Today, Linear Technology has successfully established a 
leadership position by introducing and supplying leading 
edge products in each of the industry’s basic functional 
groups— op amps, comparators, voltage regulators, refer- 
ences, switched-capacitor filters, interface, data conver- 
sion, and a variety of special function CMOS devices, in all 
major package styles. 

Early on, Linear Technology made the commitment to pro- 
vide advanced technology, surface mount packaging. This 
makes Linear Technology the first company to offer true 
precision and high performance linear devices across the 
full range of functional categories, plus many of the popu- 
lar second-source devices in JEDEC Standard SO-8, 14, 16 
and SOL-16, 18 and 20 pin packages. 

Support for Linear Technology’s surface mount devices in- 
cludes service for tape and reel, anti-static rails, quality 
and reliability data, and datasheets on each product. 

Linear Technology intends to address customer demand 
for surface mount devices where technology and die sizes 
permit, making the combination of small package size and 
high performance linear devices readily available to our 
users. 

This section contains information summarizing Linear 
Technology’s capabilities and services for surface mount 
packaged products, as well as specific device data- 
sheets. 

Package Descriptions 

Linear Technology’s SO packages conform to Standard 
JEDEC SOIC outlines. Figure 1 represents the 8, 14 and 
16-lead narrow (150 mil width) SO packages. The 300 mil 
width large cavity SOL package is pictured in Figure 2. 

in some instances, an LTC product available in an 8-pin 
standard DIP package is offered in a 16-pin SOL package. 
This covers the situation where the die is too large to be 


accommodated by the smaller SO-8 package. Although it 
is preferable for an SO-8 device to have the same pin-out 
as the standard 8-pin dual-in-line version, some devices 
necessitate a rotation of the die to fit in the SO-8 package. 
Please refer to the applicable SO device datasheet, or 
consult with the factory to verify exact pinouts for each 
device. 



NO OF LEADS 

"A" DIM 

8 

0 188-0 196 
(4 755 - 4 978) 

14 

0 336-0 344 
(8 534 - 8 737) 

16 

0 385-0 394 
(9 779-10 007) 



1 PKG MATERIAL PLASTIC 

2 LEAD MATERIAL A-42, TIN PLATED 


Figure 1 



NOTE 

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES 
ON THE BOTTOM OF PACKAGE ARE THE 
MANUFACTURING OPTIONS THE PART 
MAY BE SUPPLIED WITH OR WITHOUT 
ANY OF THE OPTIONS 


Figure 2 
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Electrical Specifications 

Wherever possible, electrical specifications for an SO de- 
vice are the same as the plastic molded equivalent. Excep- 
tions to this are identified by the omission of the standard 
product electrical grade designator from the part number. 
For example: 

-LT1013DS8 has the same electrical specifications 
as LT1013DN8, since the “D” is common to both prod- 
uct numbers. 

— LT1012S8 has one or more different electrical specifica- 
tions than LT1012CN8, as the “C” is missing from this 
product designator suffix. 

Please consult the appropriate SO package datasheet for 
complete electrical specifications. 


Marking 

Because of the limited space available for part marking on 
some SO packages, abbreviated marking codes are used 
to identify the device. These codes, if used, are identified 
in the individual SO package datasheets. 


Lead Finish and Solderabiiity 

Lead finish is electroplated, matte-tin, with a low carbon 
content. Solderabiiity meets the requirements of MIL- 
STD-883C, Method 2003. Recommended solder pads are 
given in Figure 3. 

Wave and Reflow Soldering 

Following are the recommended procedures for soldering 
surface mount packages to PC boards. 

1. Wave Soldering 

• Use solder plating boards. 

• Dispense adhesive to hold components on board. 

• Place components on board. 

• Cure adhesive per adhesive manufacturer’s speci- 
fication. 

• Foam flux using RMA (Rosin Mildly Activating) flux 
or an organic acid flux if more aggressive flux is 
required. 

*• Wave solder using a dual wave soldering system at 
240°C to 260°C for 2 seconds per wave. 

• Clean board. 

*Note: LTC packages will survive temperatures of 260°C for 10 seconds. 


Recommended Solder Pads 

SO-8, SO-14, SO-16 


r- 0.040 -0.055 



SOL-16, SOL-18, SOL-20 




0.028-0.035 — 


Figure 3. Wave and Reflow Soldering 
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2. Reflow Soldering 

• Use solder plating boards. 

• Screen solder paste on board. 

• Mount components on board. 

• Bake for 15-20 minutes at 65°C-90°C. 

• Reflow solder paste. The solder paste temperature 
must be 200°C for at least 30 seconds. LTC recom- 
mends vapor phase or infra red reflow systems for 
best performance. 

• Clean boards. 


Thermal Information 

Table 1 shows the range of junction-to-ambient thermal re- 
sistance of devices mounted on a PCB of FR4 material 
with copper traces, in still air at 25°C. 0ja with a ceramic 
substrate is about 70% of the FR4 value. Maximum power 
dissipation may be calculated by the following formula: 

PDMAXtTA] = 

0JA 

where Tj max = Maximum operating junction temperature. 
Ta = Desired ambient operating temperature. 
0ja = Junction to ambient thermal resistance. 


SO-8 

150to200°C/W 

SOL-16 

85 to 100°C/W 

SO-14 

100 to 140°C/W 

SOL-18 

70 to 100°C/W 

SO-16 

90 to 130°C/W 

SOL-20 

70 to 90°C/W 


Conditions: PCB mount on FR4 material, still air at 25°C, copper trace. 

Table 1. Typical Thermal Resistance Values 


Product Reliability 

Linear Technology Corporation publishes a reliability data 
pak on a quarterly basis for our complete range of her- 
metic and plastic devices. The data generated on the SO-8 
compares favorably with that generated for dual-in-line 
packages. The tests that are run to assess package and 
device reliability are high temperature operating life with 
electrical bias, temperature and humidity under bias 
(85/85), autoclave, temperature cycle, and thermal shock. 
A sample of the data for the S8 (SO-8 small outline plastic 
DIP) is shown below. 


S8 (8 Lead Small Outline Plastic DIP) 
Reliability Data • October 1986 

• Operating Life 


DEVICE 

TYPE 

SS 

# DEVICE 
HOURS 
AT 

150°C 

# DEVICE 
HOURS 

AT 

125°CW 

# DEVICE 
HOURS 
AT 

55°^ 

# FAILURES 

OP07 

200 

211.8K 

1186. IK 

591 .9KK 

0 

LT385-1 .2 

40 

41.9K 

234.7K 

1 1 7.1 KK 

0 

LT1012 

46 

29.4K 

164.6K 

82.1 KK 

0 

LTC1 044/7660 

59 

47.4K 

265.6K 

132.5KK 

0 

LT1021 

45 

23.4K 

131 .OK 

65.4KK 

0 


390 

353.9K 

1982.0K 

989.0KK 

o< 4 > 


• 85/85 With Bias 


DEVICE TYPE 

SS 

TOTAL DEVICE 
HOURS 

# FAILURES 

OP07 

153 

234.3K 

0 

LTC1044C 

78 

114.2K 

0 



348.5K 

0 


• Autoclave 


DEVICE TYPE 

SS 

TOTAL DEVICE 
HOURS 

# FAILURES 

OP07 

304 

260.4K 

0 

LTC1044C 

103 

161.8K 

1 ( 3 ) 

LM385B-1.2 

85 

129.6K 

0 

LT1012 

148 

38.0K 

1 



589.8K 

2 


• Temperature Cycle (Air to Air) - 65°C to 1 50°C 


DEVICE TYPE 

SS 

TOTAL DEVICE 
CYCLES 

# FAILURES 

OP07 

155 

465.0K 

0 

LTC1044C 

96 

192.0K 

0 



657.0K 

0 


• Thermal Shock (Liquid to Liquid) - 65°C to 150°C 


DEVICE TYPE 

SS 

TOTAL DEVICE 
CYCLES 

# FAILURES 

OP07 

156 

312.0K 

0 

LTC1044C 

96 

91.7K 

0 



403.7K 

0 


Notel: Assumes E a =1.0eV. 

Note 2: 1 Fit = 1 failure in 10 9 device hours. 

Note 3: Non-functional— Bonding pad corrosion. 

Note 4: Failure rate at 55°C 1.2 fits (2) to a 60% confidence level. 

More current data, by device type, may be obtained by 
contacting Linear Technology Corporation, Marketing 
Department. 
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Tape and Reel Packing 

Tape and reel packing is available for all SO and SOL pack- 
ages (except 18-lead) in accordance with EIA Specification 
481-A. Table 2 lists the applicable tape widths, dimen- 
sions, and quantities for all LTC small-outline products. 
Consult factory for tape and reel pricing and minimum or- 
der requirements. 


PACKAGE 

TAPE SIZE 

COMPONENT 

PITCH 

HOLE 

PITCH 

REEL 

DIAMETER 

PARTS PER 
REEL 

SO-8 

12mm 

8mm 

4mm 

13" 

2500 

SO-14 

16mm 

8mm 

4mm 

13" 

2500 

SO-16 

16mm 

8mm 

4mm 

13" 

2500 

SOL-16 

16mm 

12mm 

4mm 

13" 

1000 

SOL-18* 

— 

— 

__ 

_ 

— 

SOL-20 

24mm 

12mm 

4mm 

13" 

1000 


‘Unavailable at this time. 


Plastic Tube Packing 

Linear Technology SO and SOL packaged devices are 
packed in conductive plastic tubes with the dimensions in- 
dicated in Figure 4. Unit quantities per tube are as listed in 
Table 3. 


SO-8 

100 ea. 

SOL-16 

50 ea. 

SO-14 

60 ea. 

SOL-18 

40 ea. 

SO-16 

50 ea. 

SOL-20 

40 ea. 



SOL-24 

31 ea. 



SOL-28 

27 ea. 


Table 3. Devices Per Tube 


Table 2. Tape and Reel Packing Specifications 







SURFACE MOUNT PRODUCTS 


Linear Technology Corp. packs their SO and SOL products follows EIA specification 481-A, and is an extra cost item, 

in either conductive plastic tubes or tape and reel, depend- The following pages describe and detail these packing 

ing on customer preference. Plastic tubes are manufac- methods, 
tured to LTC specifications, while tape and reel packing 


PLASTIC TUB€ SPCCIFICATIOnS 


SO Package Shipping Tube 



Figure 4. 

Note 1: Tolerances: ±0.010 unless otherwise specified. 

Note 2: Material: anti-static treated rigid transparent PVC or rigid black conductive. 
Note 3: Printing: “LTC logo, Linear Technology Corp., Antistatic” on top side of tube. 


SOL Package Shipping Tube 
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THP€ flftD ft€€l SPCCIFICmiOnS 


Embossed Carrier Dimensions (12, 16, 24mm Tape Only) 


10 PITCHES 
CUMULATIVE 



-INCLUDING DRAFT AND RADII 
CONCENTRIC AROUND B 0 



Embossed Tape— Constant Dimensions 


Tape Size 

D 

E 

Po 

t(Max.) 

Ao Bq Kq 

12,16, 

24mm 

0.059 !™ 04 

1.75±0.10 
(0.069 ±0.004) 

4.0 ±0.10 
(0.157 ±0.004) 

0.400 

(0.016) 

See Note 1 


Embossed Tape-Variable Dimensions 


Tape Size 

Bi 

Max. 

Di 

Min. 

F 

K 

Max. 

p 2 

R 

Min. 

W 

P(SO) 

P(SOL) 

12mm 

8.2 

(0.323) 

1.5 

(0.059) 

5.5 ±0.05 
(0.217 ±0.002) 

4.5 

(0.177) 

2.0 ±0.05 
(0.079 ±0.002) 

30 

(1.181) 

12.0 ±0.30 
(0.472 ±0.01 2) 

8.0 ±0.10 
(0.315 ±0.04) 

12.0 ± 0.10 
(0.472 ±0.004) 

16mm 

12.1 

(0.476) 

7.5 ±0.10 
(0.295 ±0.004) 

6.5 

(0.256) 

2.0 ±0.10 
(0.079 ±0.004) 

40 

(1.575) 

16 ±0.30 
(0.630 ±0.01 2) 

8.0 ±0.10 
(0.315 ±0.04) 

24mm 

20.1 

(0.791) 

1 1 .5 ± 0.1 0 
(0.453 ±0.004) 

50 

(1.969) 

24 ±0.30 
(0.945 ±0.012) 



Note 1: A 0 B 0 K 0 are determined by component size. The clearance between 
the component and the cavity must be within 0.05 (0.002) min. to 0.65 (0.026) 
max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) max. for 16mm tape and 
0.05 (0.002) min. to 1 .00 (0.039) max. for 24mm tape and larger. The compo- 


nent cannot rotate more than 20° within the determined cavity, see 
Component Rotation. 

Note 2: Tape and components shall pass around radius “R” without 
damage. 
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TAP€ flAD R€€l SPCCIFICATIOAS 


Component Rotation 


Bending Radius 




BENDING RADIUS 
SEE NOTE 2 


Tape Camber (Top View) 



Allowable camber to be 1 mm/IOOmm nonaccumulative over 250mm 


Tape Leader (Start/End) Specification 



END 




EMPTY COMPONENT 
POCKETS SEALED 
WITH COVER TYPE 



USER DIRECTION OF FEED 
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SURFACE MOUNT PARTS LIST 

LF398S8, Precision Sample and Hold Amplifier 9-113 

LM318S8, High Speed Op Amp 2-319 

LM334S8, Constant Current Source and Temperature Sensor 3-99 

LM385S8-1.2/LM385S8-2. 5, Micropower Voltage Reference 3-113 

LT1 001 CS8, Precision Op Amp 2-23 

LT1004CS8-1 .2/LT1004CS8-2. 5, Micropower Voltage References 3-25 

L T 1 006S8, Precision, Single Supply Op Amp 2-53 

L T1007CS/L T1037CS, Low Noise, High Speed Precision Op Amps 2-69 

LT1009S8, 2.5 Volt Reference 3-31 

L T 1 012S8, Picoamp Input Current, Microvolt Offset, Low Noise Op Amp 2-117 

LT1013DS8, Dual Precision Op Amp 2-141 

LT101 6CS8, Ultra Fast Precision Comparator 6-41 

LT1 01 7CS/LT1 01 8CS, Micropower Dual Comparator 6-53 

LT1020CS, Micropower Regulator and Comparator 4-45 

LT1 021 DCS8, Precision Reference 3-57 

L T 1 028CS, Ultra- Low Noise Precision High Speed Op Amp 2-177 

LT1030CS, Quad Low Power Line Driver 10-9 

L T 1 034CS8- 1.2/LT1 034CS8-2. 5, Micropower Dual Reference 3-81 

L T 1 054CS/L T 1 0541 S, Switched Capacitor Voltage Converter with Regulator 5-35 

L T 1 055S8/L T 1 056S8, Precision, High Speed, JFET Input Op Amps 2-231 

L T 1 057S/L T 1 0571 S, Dual JFET Input Precision High Speed Op Amps 2-247 

L T 1 080CS/L T1081CS, 5V Powered RS232 Driver /Receiver with Shutdown 10-51 

LTC1043CS, Dual Precision Instrumentation Switched-Capacitor Building Block 11-31 

LTC1 044CS8, Switched Capacitor Voltage Converter 5-21 

LTC1052CS, Chopper-Stabilized Op Amp (CSOA™) 2-217 

LTC1 059CS, High Performance Switched Capacitor Universal Filter 7-11 

LTC1060CS, Universal Dual Filter Building Block 7-35 

LTC1061CS, High Performance Triple Universal Filter Building Block 7-55 

LTC1062CS, 5th Order Low Pass Filter 7-71 

0P-07CS8, Precision Op Amp 2-337 

^SG3524S, Regulating Pulse Width Modulator 5-93 
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INTRODUCTION 

Linear Technology Corporation offers a wide variety of 
precision linear IC’s in die form. It is our intent to offer 
dice electrically tested to levels which can be expected to 
yield the best possible performance in hybrid circuits. 
Complicating this task is the fact that many specifications 
given for our standard packaged products cannot be 
tested at the wafer level. Further, parameters which are 
100% tested at wafer probe testing may shift during the 
die attach/assembly process. 

There is a Dice Products Catalog available that contains 
ordering information and datasheets for obtaining dice 
products. Catalogs are available from your local LTC 
Sales Rep, or from LTC Communications at (800) 637-5545. 

GENERAL INFORMATION 
Electrical Testing 

Dice are 100% tested in wafer form at 25°C to the DC lim- 
its shown on the dice data sheet for a given device type. 
Many LTC packaged products have multiple electrical 
grades associated with a basic die type. A cross reference 
appears on each dice data sheet indicating which die 
product grade should be ordered to optimize candidates to 
meet the specifications of the desired finished product 
grade. This information should be used as a guideline only 
since LTC does not guarantee electrical specifications af- 
ter assembly. Since electrical testing is done only at 25°C, 
no absolute guarantee can be made regarding perform- 
ance at other temperatures. Some LTC products require 
post-package trimming to overcome certain assembly re- 
lated parameter shifts. Details on this trimming may be 
obtained by contacting the factory. 

Visual Inspection 

Dice are 100% visually inspected in accordance with MIL- 
STD-883, Method 2010 Condition B. 

Chip Dimensions 

Chip dimensions are as indicated on individual dice data 
sheets. Tolerance is ±1 mil. Chip thickness ranges from 


12 mils to 20 mils, depending on product type. Bond pad 
dimensions are 4.5 x 4.5 mils, minimum. 

Topside Passivation 

Linear Technology products are passivated with a two 
layer system: A proprietary deposited oxide gives a crack- 
free conformal coverage of metal and oxide steps. A 
plasma nitride overcoat protects the die from ionic con- 
tamination and scratches during handling, testing and 
assembly. Note that LTC uses fuse link and zener zap 
trimming techniques which require windows in the passi- 
vation over the trim points. This passivation system is a 
major contributor to the extremely high reliability demon- 
strated throughout millions of device-hours of accelerated 
testing of LTC devices in plastic and hermetic packages. 

Topside Metallization 

The metallization is a minimum of 11,000 A thick unless 
otherwise specified. The quality of the metallization step 
coverage is monitored via a weekly SEM inspection per 
MIL-STD-883, Method 2018. 

Backside Metal 

Most dice product backsides are coated with an alloyed 
gold layer. There are some CMOS products with no back- 
side metallization. In addition, some voltage regulators 
may be specially ordered with a chrome-nickle-silver 
(Cr-Ni-Ag) backside layer. Contact LTC for details on this 
type of backside layer or to inquire about availability of 
LTC products with a particular backside metallization. 

Backside Potential 

Linear Technology products are junction isolated. For 
proper operation the backside must be electrically con- 
nected to the most negative potential seen by the 1C (for 
bipolar products) or the most positive potential (for CMOS 
products). This information is also given in the individual 
dice datasheets. 
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Packaging 

Dice are packaged in compartmentalized waffle packs for 
ease of handling and storage. Each waffle pack contains 
100 dice. Special packaging methods are also available by 
contacting the factory. 

Quality Levels of Dice Shipped 

Each dice lot is guaranteed to meet the following 
requirements: 

• Internal visual per MIL-STD-883, Method 2010 
Condition B: 1.0% AQL Level II. 

• Electrical: Due to variations in assembly methods and 
packaging techniques LTC does not guarantee elec- 
trical specifications after assembly. When a determina- 
tion as to the finished product assembly yield is needed, 
the lot acceptance testing available at extra cost should 
be pursued. 

Reliability Assurance 

In addition to the more conventional reliability audits per- 
formed on finished products, LTC has innovated a unique 
periodic wafer fab reliability audit using a specially de- 
signed reliability structure that is stepped into all wafers. 
The test structure is optimized to accelerate the two 
primary failure mechanisms in linear circuits, namely mo- 
bile positive ions and surface charge-induced inversions. 
This provides a continuous monitor on the reliability per- 
formance of LTC’s wafer fab processes and provides 
immediate feedback to wafer fab typically within one 
week. 


Electrostatic Discharge (ESD) Precautions 

Precision linear devices, especially those with very low 
(pA) input bias current levels and low (<50 microvolts) in- 
put offset voltages are susceptible to shifts in electrical 
performance and ESD damage as a result of improper han- 
dling. LTC recommends that ESD precautions, such as 
grounded conductive work stations, grounded conductive 
wrist straps and grounded equipment, be taken to prevent 
ESD damage. 

ORDERING INFORMATION 

Dice may be ordered by the part number defined in the 
dice data sheet. Minimum direct dice order, per delivery, is 
1000 pieces or $5,000, whichever is greater. In some cases, 
tighter parameter selections than indicated on the dice 
data sheets can be obtained by special order. Please con- 
tact the factory for details. 

Lot Acceptance Testing 

Lot acceptance testing (L.A.T.) based on sample assembly 
and testing is available at extra cost. Sample sizes and ac- 
ceptable electrical test limits vary from device to device 
and must be negotiated at the time of quoting. Contact the 
factory for details. 
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AN1 Understanding and Applying the LT1005 Multifunction Regulator 

This application note describes the unique operating character- 
istics of the LT1005 and describes a number of useful applica- 
tions which take advantage of the regulator’s ability to control 
the output with a logic control signal. 

AN2 Performance Enhancement Techniques for 3-Terminal 
Regulators 

This application note describes a number of enhancement 
circuit techniques used with existing 3-terminal regulators 
which extend current capability, limit power dissipation, provide 
high voltage output, operate from 110VAC or 220yAC without the 
need to switch transformer windings, and many other useful 
application ideas. 


AN9 Application Considerations and Circuits for a New 
Chopper-Stabilized Op Amp 

A discussion of circuit, layout and construction considerations 
for low level DC circuits includes error analysis of solder, wire 
and connector junctions. Applications include sub-microvolt in- 
strumentation and isolation amplifiers, stabilized buffers and 
comparators and precision data converters. 

AN 1 1 Designing Linear Circuits for 5V Operation 

This note covers the considerations for designing precision 
linear circuits which must operate from a single 5 V supply. 
Applications include various transducer signal conditioners, 
instrumentation amplifiers, controllers and isolated data 
converters. 


AN 3 Applications for a Switched-Capacitor Instrumentation Building 

Block 

This application note describes a wide range of useful 
applications for the LTC1043 dual precision instrumentation 
switched-capacitor building block. Some of the applications 
described are ultra high performance instrumentation amplifier, 
lock-in amplifier, wide range digitally controlled variable gain 
amplifier, relative humidity sensor signal conditioner, LVDT 
signal conditioner, charge pump F to V and V to F converters, 
12-bit A to D converter and more. 

AN4 Applications for a New Power Buffer 

The LT1010 150/iA power buffer is described in a number of use- 
ful applications such as boosted op amp, a feed-forward, wide- 
band DC stabilized buffer, a video line driver amplifier, a fast 
sample-hold with hold step compensation, an overload pro- 
tected motor speed controller, and a piezoelectric fan servo. 

AN5 Thermal Techniques in Measurement and Control Circuitry 

6 applications utilizing thermally based circuits are detailed. 
Included are a 50MHz RMS to DC converter, an anemometer, a 
liquid flowmeter and others. A general discussion of thermody- 
namic considerations involved in circuitry is also presented. 

AN6 Applications of New Precision Op Amps 

Application considerations and circuits for the LT1001 and 
LT1002 single and dual precision amplifiers are illustrated in a 
number of circuits, including strain gauge signal conditioners, 
linearized platinum RTD circuits, an ultra precision dead zone 
circuit for motor servos and other examples. 

AN7 Some Techniques for Direct Digitization of Transducer Outputs 

Analog-to-digital conversion circuits which directly digitize low 
level transducer outputs, without DC preamplification, are 
presented. Covered are circuits which operate with thermo- 
couples, strain gauges, humidity sensors, level transducers and 
other sensors. 

AN8 Power Conditioning Techniques for Batteries 

A variety of approaches for power conditioning batteries is 
given. Switching and linear regulators and converters are shown, 
with attention to efficiency and low power operation. 14 circuits 
are presented with performance data. 


AN 1 2 Circuit Techniques for Clock Sources 

Circuits for clock sources are presented. Special attention is 
given to crystal-based designs including TXCOs and VXCOs. 


AN 1 3 High Speed Comparator Techniques 

The AN13 is an extensive discussion of the causes and cures of 
problems in very high speed comparator circuits. A separate 
applications section presents circuits, including a 0.025% 
accurate 1Hz-30MHz V to F converter, a 200ns 0.01% sample- 
hold and a 10MHz fiber optic receiver. Five appendices covering 
related topics complete this note. 

AN 14 Designs for High Frequency Voltage-To-Frequency Converters 

A variety of high performance V to F circuits is presented. 
Included are a 1Hz to 100MHz design, a quartz stabilized type 
and a 0.0007% linear unit. Other circuits feature 1.5V operation, 
sine wave output and non-linear transfer functions. A separate 
section examines the trade-offs and advantages of various 
approaches to V to F conversion. 

AN 1 5 Circuitry for Single Cell Operation 

1.5V powered circuits for complex linear functions are detailed. 
Designs include a V to F converter, a 10 bit A-D, sample-hold 
amplifiers, a switching regulator and other circuits. Also 
included is a section on component considerations for 1.5V 
powered linear circuits. 

AN 16 Unique 1C Buffer Enhances Op Amp Designs, Tames Fast 
Amplifiers 

This note describes some of the unique 1C design techniques 
incorporated into a fast, monolithic power buffer, the LT1010. 
Also, some application ideas are described such as capacitive 
load driving, boosting fast op amp output current and power 
supply circuits. 

AN 1 7 Considerations for Successive Approximation A- D Converters 

A tutorial on SAR type A~D converters, this note contains 
detailed information on several 12-bit circuits. Comparator, 
clocking, and pre-amplifier designs are discussed. A final circuit 
gives a 1 2-bit conversion in 1 .8/*s. Appended sections explain the 
basic SAR technique and explore DAC considerations. 


AN 1 8 Power Gain Stages for Monolithic Amplifiers 

This note presents output stage circuits which provide power 
gain for monolithic amplifiers. The circuits feature voltage gain, 
current gain, or both. Eleven designs are shown, and perform- 
ance is summarized. A generalized method for frequency 
compensation appears in a separate section. 
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AN19 LT1070 Design Manual 

This design manual is an extensive discussion of all standard 
switching configurations for the LT1070; including buck, boost, 
flyback, forward, inverting and “Cuk”. The manual includes 
comprehensive information on the LT1070, the external compo- 
nents used with it, and complete formulas for calculating 
component values. 

AN20 Applications for a DC Accurate Low-Pass Switched-Capacitor 
Filter 

Discusses the principles of operation of the LTC1062 and helpful 
hints for its application. Various application circuits are ex- 
plained in detail with focus on how to cascade two LTC1062’s 
and how to obtain notches. Noise and distortion performance 
are fully illustrated. 

AN21 Composite Amplifiers 

Applications often require an amplifier that has extremely high 
performance in several areas. For example, high speed and DC 
precision are often needed. If a single device cannot simultane- 
ously achieve the desired characteristics, a composite amplifier 
made up of two (or more) devices can be configured to do the 
job. AN21 shows examples of composite approaches in designs 
combining speed, precision, low noise and high power. 

AN22 A Monolithic 1C for 100MHz RMS-DC Conversion 

AN22 details the theoretical and application aspects of the 
LT1088 thermal RMS-DC converter. The basic theory behind 
thermal RMS-DC conversion is discussed and design details of 
the LT1088 are presented. Circuitry for RMS-DC converters, 
wideband input buffers and heater protection is shown. 

AN23 Micropower Circuits for Signal Conditioning 

Low power operation of electronic apparatus has become 
increasingly desirable. AN23 describes a variety of low power 
circuits for transducer signal conditioning. Also included are 
designs for data converters and switching regulators. Three 
appended sections discuss guidelines for micropower design, 
strobed power operation and effects of test equipment on 
micropower circuits. 

AN24 Unique Applications for the LTC1062 Lowpass Filter 

Highlights the LTC1062 as a lowpass filter in a phase lock loop. 
Describes how the loop’s bandwidth can be increased and the 
VCO output jitter reduced when the LTC1062 is the loop filter. 
Compares it with a passive RC loop filter. 

Also discussed is the use of LTC1062 as simple bandpass and 
bandstop filter. 


AN25 Switching Regulators for Poets 

Subtitled “A Gentle Guide for the Trepidatious”, this is a tutorial 
on switching regulator design. The text assumes no switching 
regulator design experience, contains no equations, and re- 
quires no inductor construction to build the circuits described. 
Designs detailed include flyback, isolated telecom, off-line, and 
others. Appended sections cover component considerations, 
measurement techniques and steps involved in developing a 
working circuit. 

AN26 A collection of interface applications between various micro- 
processors/controllers and the LTC1090 family of data acquisi- 
tion systems. The note is divided into sections specific to each 
interface. The following sections are available: 


Number 

A/D 

Microprocessor/ 

Microcontroller 

AN 26 A 

LTC1090 

8051 

AN26B 

LTC1090 

68HC05 

AN26C 

LTC1090 

63705 

AN26D 

LTC1090 

COP820 

AN26E 

LTC1090 

TMS7742 

AN26F 

LTC1090 

COP402N 

AN26G 

LTC1091 

8051 

AN26H 

LTC1091 

68HC05 

AN26I 

LTC1091 

COP820 

AN26J 

LTC1091 

TMS7742 

AN26K 

LTC1091 

COP402N 

AN26L 

LTC1091 

HC63705VO 

AN26M 

LTC1090 

TMS320C25 

AN26N 

LTC1091/92 

TMS320C25 

AN 260 

LTC1090 

Z-80 

AN26P 

LTC1090 

HD64180 

AN26Q 

LTC1091 

HD64180 

AN26R 

LTC1094 

TMS320C25 


These interface notes demonstrate the ease with which the 
LTC1090 family can be interfaced to microprocessors/con- 
trollers having either parallel or serial ports. A complete 
hardware and software description of the interface is included. 

AN27A A Simple Method of Designing Multiple Order All Pole 
Bandpass Filters by Cascading 2nd Order Sections 

Presents two methods of designing high quality Switched 
Capacitor bandpass filters. Both methods are intended to vastly 
simplify the mathematics involved in filter design by using 
tabular methods. The text assumes no filter design experience 
but allows high quality filters to be implemented by techniques 
not presented before in the literature. The designs are 
implemented by numerous examples using devices from LTC’s 
Switched Capacitor filter family: LTC1060, LTC1061, and 
LTC1064. Butterworth and Chebyshev bandpass filters are 
discussed. 
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AN28 Thermocouple Measurement 

Considerations for thermocouple based temperature measure- 
ment are discussed. A tutorial on temperature sensors summar- 
izes performance of various types, establishing a perspective on 
thermocouples. Thermocouples are then focused on. Included 
are sections covering cold-junction compensation, amplifier 
selection, differential/isolation techniques, protection, and 
linearization. Complete schematics are given for all circuits. 
Processor based linearization is also presented with the 
necessary software detailed. 

AN29 Some Thoughts on DC-DC Converters 

This note examines a wide range of DC-DC converter applica- 
tions. Single inductor, transformer, and switched capacitor 
converter designs are shown. Special topics like low noise, high 
efficiency, low quiescent current, high voltage, and wide-input 
voltage range converters are covered. Appended sections 
explain some fundamental properties of different types of 
converters. 

AN30 Switching Regulator Circuit Collection 

Switching regulators are of universal interest. Linear Technology 
has made a major effort to address this topic. A catalog of cir- 
cuits has been compiled so that a design engineer can swiftly 
determine which converter type is best. This catalog serves as a 
visual index to be browsed through for a specific or general 
interest. 

AN31 Linear Circuits for Digital Systems 

Subtitled “Some Affable Analogs for Digital Devotees,” 
discusses a number of analog circuits useful in predominantly 
digital systems. Vpp generators for flash memories receive 
extensive treatment. Other examples include a current loop 
transmitter, dropout detectors, power management circuits, and 
clocks. 


AN32 High Efficiency Linear Regulators 

Presents circuit techniques permitting high efficiency to be 
obtained with linear regulation. Particular attention is given to 
the problem of maintaining high efficiency with widely varying 
inputs, outputs and loading. Appendix sections review com- 
ponent characteristics and measurement methods. 

AN33 Converting Light to Digits: LTC1099 Half Flash 8-Bit A/D 
Converter Digitizes Photodiode Array 

This application note describes a Linear Technology “Half 
Flash” A/D converter, the LTC1099, being connected to a 256 
element line scan photodiode array. This technology adapts 
itself to hand held (i.e. low power) bar code readers, as well as 
high resolution automated machine inspection applications. 

AN34 LTC1099 Enables PC Based Data Acquisition Board to 
Operate DC-20kHz 

A complete design for a data acquisition card for the IBM PC is 
detailed in this application note. Additionally, C language code 
is provided to allow sampling of data at speeds of more than 
20kHz. The speed limitation is strictly based on the execution 
speed of the “C” data acquisition loop. A “Turbo” XT can 
acquire data at speeds greater than 20kHz. Machines with 80286 
and 80386 processors can go faster than 20kHz. The computer 
that was used as a test bed in this application was an XT running 
at 4.77MHz and therefore all system timing and acquisition time 
measurements are based on that the 4.77MHz clock speed. 
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